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FOREWORD
This Appendix supplements the Report of (8) preservation, protection, and enhance-

the United States Stud y Commission, Southeast ment of fish and wildlife resources;
River Basins , and the other appendixes thereto, (9) the development of recreation:
by presenting general information on the hy- (10) sa l in i t y  anti sediment control;
drology of the stud y area and the results of ( I I )  pollut ion abatement and the protectionhydrologic stud ies. 

. . of public health ; antiThis Appendix is presented in eight parts.
(12) other beneficial and useful pu rposes notPart One relates the hydrologic studies and data

suecificall y enumerated in the Act.to the overall plan. Part Two deals with the
climate of the area; Part Three with  water l’he comprehensive plan for the Southeast
resources and problems connected with their River Basins is formulated to meet the needs of
use; and Part Four with  trends and technological t h e  area for land and water resources develop .
developments involving use of water which may ment to the year 2000. Projects anti programs
be expected by the year 2000. Part Five indicates existing anti under construction in 1960 are in-
the criteria and method s used in planning for cltided in the plan , but  onl ’. 1960-2000 develop-
purposes involving water resources , and Part ments are anal yzed.

• Six lists the basic data reports prepared by co- The plan for the development of the resources
operating agencies. Part Seven sets forth some of of the Southeast River Basins is the result of
the pr inci pal needs for additional data and re- cooperative work of Federal , State, and local
search activities in the field of hydrology, and and private agencies having interest in the area
Part Eight lists and refers to pertinent publica- anti knowledge of its needs and requ irements.

• . tions. The matter contained in each part is per- Public hearings were held early in the planning
tinent  to the comprehensive plan. The reader is process to obtain firsthand knowled ge of con-
urged to consider the Report in the aggregate ditions anti problems in the stud y area and to
rather than to consider selected material out secure suggestions for their solution. Throug h-
of context, out the stud y, liaison was maintained with  in-

The Report of the United States Stud y Corn- teres ted groups and agencies by means of con-
mission summarizing the plan for the Southeast ferences and committee and advisory group meet-
River Basins is made in response to the provi. ings. When a ten ta t ive  p lan was developed , pub-
sions of Public Law 85-850 (72 Stat. 1090) dated lie presentations were nsade by the Commission
August 28, 1958, which established the United to inform interested persons anti organizations
States Stud y Commission , Southeast River Basins, and to request comments. These comments were
Public Law 85-850 is reproduced in Appendix 13. considered in preparing the final plan and

The authorizin g Act provides for an inte- Report.
grate(l anti cooperative investi gation to formu- Althoug h many individuals , groups , and
late a comprehensive and coordinated plan for: agencies have participated in the studies , the

(I )  Flood contro l and prevention; Cotnmission takes fu l l  responsibility for the p lan
(2) dom estic and munici pal water supp lies; and for the projections , assumptions , and anal .
(3) the improvetndnt and safeguarding of ~ses on which it is based.

navi gation’ The Commission p lan for the Southeast River
Basins is suilported by data contained in 13(4) the reclamation anti irr igation of land ,
apl)cil dIXe s. Data on the plan for developm entincludin g drainage;
of the resources in the eight geograp hic areas(5) possibilities of hydroelectric power and studied in the Southeast River Basins arc ~‘on-

• industr ia l  development and uti l izat ion ; ta m ed in Append ixes I throu g h 8. Technical
(6) soil conservation and uti l ization; data and information app licable to both the

• (7) forest conservation and ut i l i z a t ion;  entire stud y area and the severa l geographu

I i i



areas are contained in Appendixes 9 through 13. Appendix Title
The appendixes to the Commission Report are 7 A 1)a LacIIi coia-Chattahooch iee-Flint
as follows: Basins

Appendix TItle 8 Chotrawhatchee-Perdido Basins

I • .. Savannah Basin 9 Economics

2 Ogeechee Basin 10 HYDROLOGY

3 . . • Altamaha Basin I I  Eng ineering and Cost
.1 Satilla .St. Marys Basins 12 Planning
5 Suwannee Basin 13 History and Organization of the
6 - - Ochlockonee Basin Commission
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PART ONE - INTRODUCTION
The I-l yd rology A p~)entli x describes , in more p la ced on the  desi gn and other manuals  of the

deta i l  th a i t  is possible in the Report and basin ooperat ii ig agencies . I ) t i t  p l a n n i n g  is s t i l l  i n
app endixes . ihe c l imat ic  and h ydrologic en- large measure an ar t  instead of a well-de6ned
vi ronment  of the Southeast River  Basins. The and careful ly worke d-ot tt discip line.
.-~ppentI ix  also indicates  the n a t u i e  and amount ~l ti c h of the work in hydrolog y was done bs-
of basic data  available and refers to published Coop erating agencies. I i~ fact . m ost of th is  work
sources of such data.  The A ppendix stipports the  had been (lone earlier an d merel y needed to be
Report and basin appendixes by exp la in in g  per- broug ht together in convenient  form to provide
t i n e n t  re la t ionsh i ps and stat ing the manner in th e  s t a f f  atl ( l cooperators the back ground of
which data are presented . water  ava i lab i l i t y  and ra infa l l - runof f  and other

The discussion of trends and technolog ical t e lat ionshi ps necessary for p lann ing .
deve lopments is an a t t em pt  to look ahead to see Pla i in i n g  requ ires sam~) lim1 g and examinat ion
if n a tu ra l  trends or cycles or technolog ical le- ol r e l a t ionsh i ps among c l im a t i c  and l l \( lro logic
selopinents are l ikel y to make substantial  elements which often have largely been observed
changes in the water  reg ime or in the need for sc j ) a i a te l y There is a need for t r a i n i n g  and cx-
mi a tu ra l  water. ~~~~~~~ W hich wil l  produce a broader under -

In any ac t i v i t ~ the effort is n a t u r a l l y divided st and in g  of p l ann ing  techni ques and their  inter—
bet ween the pt irpose-orient ed (lrive to get the re la t ionsh i ps whi ch  in the is~tst have only p ar t l s
j ob done an(l the process-oriented effort to meet been coor( i i l l ate ( l . . ~s compet it ion for resources
certain s tandards of qu a l i t y  and consistency. The and resource programs grows . the bal ance be-
Section on Method s and Criteria discusses the tween (l ata -gat l i er i i lg  and data-use wi l l  require
decision-making process where the p lanning some sort of efficiency an( l economic t e s t s .
meth ods relate to the disci p line of h ydrology. This ~~ppe mlix includes a very brief bib liog-
In the evolut ion from agency-oriented l imi ted-  rap liy . I t s  purpose is to gi ve examp les and to
purpose p lan ning  to the more integrated U. s. show the scope of reading which is basic to an
Stud y Cont inission p lannin g ,  efforts have been unders tanding  of the climate anti hytlro logv of
made to understand the reasons for dif fer ent  the Southeast River  Basins.
I) ro (e(ltmres by d i f ferent  agencies and to hel p re- .-~~t the end of Part  Two , Figures 2.15 throug h
solve these differences so t h a t  planning can be 2.23 show tile k ind  and location of hydrolog ic
cohesive and so that different  segments of the observation s t a t  ions in each of the eight river
p lan can be compatible.  Great rel iance was basins of the stud y area.

I — I
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PART TWO - CLIMATE
SECTION I — RAINFALL

Average Rainfall diagram , the average seasonal distribution of
monthl y ra infall  for selected representative sta-

The average annual rainfall of the Southeast tions in the stud y area. The temperature and
River Basins is about 50 inches. The United m-unoff port ions of the diagrams are discussed in —

States average is about 30 inches. Figure 2.1 Section III  of this Part and in Section I of Part
shows the average annual rainfall over the stud y 1’hree. In general , the rainfall is fairl y well dis-
area for the period 1931-55 as given in the tributed throug hout an average year , with most
Weather Bureau publ ication , ‘ Climates of the of the rain occurring during the growing season.Stat es.” The heaviest rainfall  occurs in the moun- The earl y spring peak , which is prominent in
tains . Warm moist air masses rise and are cooled the northern part of the stud y area , is a product
as they ascend the slopes of the southern Appa- of frontal storms which sweep across the conti-
lachian Mountains , Moisture condensed from nent. The path of these storms mi grates sea- S

this action falls as rain and makes this the rain- sonail y. These storms cross the northern portion
lest region in the Eastern United States. Even at of the stud y area several times a year , particular-the highest elevations , nearl y all of the preci pi. l y in late winter and earl y spring when theyS 
t ation is rain because the temperatures are mild. reach their lowest latitudes. IConsequentl y, snow can be neglected as a factor The summ er peak , which is more prominent
in planning the management of water resources, in the southern portion of the study area , is a
The smooth isolines of Figure 2.1 do not show proi1uct of thunderstorms which produce a largethe effects of local topograp hy on the distribu- portion of the summer rainfa ll .  A very sli ght
tion of rainfall. While the generalized lines of a u t u m n  peak may be discerned at Savannah and
average annua l  rainfall do not exceed 68 inches , Waycross near the Atlant ic  coast, This peak maythere are places in the mountains that  receive be ascribed to hurricanes and lesser tropical
80 inches of rainfall  in an average year. These storms. At other southern stations the summer
places are small and scattered and no attempt peak extends into  the au tumn hu rricane season.
has been made to identif y them. The climatic effect of ht irr icane rainfall  is rela-

The extreme southwest portion of the stud y t i se l y insi gnificant because hurricanes occur in-
area receives average annual  rainfall  of more frequent l y at any location , and their aggregate
than 60 inches. This r ainfall  results from the ra in fa l l  is small compared with  the scattered ,
proximity of this area to a moisture source , the tilougil more frequent , thunderstorm rainfall.
Gulf of Mexico , and from its  hi gh humidi t y.  Tu e  number of days of rain per year in theparticularl y in summer. Along the A t l a n t i c  coast stud y area ranges from 130 iti the mountai t i s to- S is a zone which is subject to a lesser marine in- a l i t t l e  more than 100 along the Gulf coast. Thisfluence and which has annt m a l  rainfall  of about number ranges throug hout the United States52 inches. The portion of the st tmd y area with from more than 150 in parts  of New Eng land .the least rainfal l  is in east-central Georg ia and the Lake States , and the Pacific Northwest to
t he adj oining portion of South Carolina. In less than 50 in the arid Southwest.  The m ci-
this  area , which is relativel y far from the moun- dence of ra iny (lays varies somewhat th roug hout
ta ins and ! the coast , the anntta l  ra infa l l  averages a typ i ca l  year . avera ging about 10 per month.
less than 14 inches. Furthermore, instead of Th e number , at  most p laces , r ises from about 6
augmenting the rainfal l , the mounta ins  tend to per mon th  in au tumn to 10 in ear ly  spring, di ps
shelter t h i s  area from late winter  and earl y to S (Sr ¶1 in late spring, and reaches a peak of 12
sprtng storms from the west and northwest. to 14 in su mmer t i m e.

Seasonal D sfr but on of Rainfall Year-to-Year Variabilfl’y of Rainfall
Figure 2.2 shows , by the stepped lines of each The variat ion in total annual  rainfall  from
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year to year is illum strate d in the stepped lines in than average have occurred in most records,
the diagratns of Figure 2.3. It  it say be noted that S ign i l i can ml \  . the  annua l  ra in fa l l  is m a t e l y  less
extre m es of 50 percent more and 50 percent less than the L I n i te ( l States average of 30 inches,

SECTION II - DAMAGING STORMS

Hurricanes Gu lf coast to 50 in the north and east portions
of the Southeast River Basins. Most of theWhile hurricanes usuall y bring rain at the Ut m ited States has fewer thunderstorms than thedriest time of sear , they commonl y cause ulestruc- s tu dy  area but the Florida pen insula has more.t ion—pa rtl y from wind and was es but mostl y \lost of the th t ind e is t orn i s  in the stud y ai-eafrom flooding. l’lie [b oding is due to runoff occur t lut r in g summer afternoons. There is afrom lueav~ rain and , bomdering the coast , to a good hance of at least one thunderstorm anycombination of runoff and ii i gh storm t ides. 
mont ii of the ear .While the l)~st f1 of a hurricane is u is u ia l l ~ marked The stud y a i ea ~ particularl y free from hail ,by the trajectory of its center of low pressure , 
most places avera git ig I to 2 days per seat . ~Iostthe effects extend many miles in all  dir ecti ons. of t he United States has more , p~t r t icul ar l y theThe center of a typ ical hurricane may travel at \t i t lwest  and Prairie States.an average speed of 10 tuiles per hour , yet the l’he stud y area averages about five tornadoesspeed of the air c i rcul at in g about this renter per year , each tornado affecting a small stri pcommonly exceeds 100 im mi les l ) t ’ m hour over vast of area. This incidence of tornadoes is about theareas. For a trop ical storm to be classified its a average for tise eastern seaboar i , lii time Unitedhurricane, the wind mil u st be at least 75 tni ies Stat es, the incidence ranges fro m pra cticall y zeroper hour somewhere in the sto rm , .~~ typ ical 
along the west coast to about twice the studs ’hurricane heads toward the North American con- area average for equivalent areas in the Prairietinent from the south or southeast. .~~s it ap- States. Iii the stud y a rea, tor nadoes occur mostproaches the continent , it usuall y curves to the frequentl y in the e,u ly spring.S 

north or northeast and may cross the coast any-
where from Mexico to Canada. Often , the storm
turns  northeast some distance from the coast and
stays at sea with its effects brushit ig projecting
places such as the Florida peninsula and Cape
Hatteras , North Carolina. The map of Figure 2.5
shows Lv year the hurricanes which have entered
the stud y area since 1910. a. -

The map of Figttre 2.4 shows the incidence of
destruction caused by t rop ical storms—hurri- 

-ca nes p itus lesser trop ical storms—in terms of .

the frequency with which various l arts of the
stud y area have been visited by t rop ical storms. ~, 

-The lines on the map show the average number 
-

of years between stich destructive storms. One 
L A  GA 

-, - - -

year in three , for examp le , the coast between FjA 
- ____Pensacola and Apalachicola receives some dam- - -

- F LA tage. From the Fall Line north , lesser damage -

is caused on the average of once in 10 years ç -

or more. S

Thunderstorms, Hail, and Tornadoes
The a n n u a l  i t i c i ( l emmc e  of t humn ( ler sto r m s , which Figure 21 /pj cj dv’ ,,rr of Hu r r ica ne  Dama ge , I nteri ’aII rn-I t i t le li ght n I img. r im ngt’s fo ni l 70 or 80 a li ng t he .5/lou-il Ill
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SECTION Ill — TEMPERATURE

Average and Seasona’ Dhtribu~ion and the mn a xi mu um us ima ll y early in the aftern oon.
Exceptions to th i s  reg imn e occur , of coumse , wit h

The curved l i n e s  in the ul iagm amn s ott the tfla l) a f m - oim ta l  passage and a change in a i m  mass; strong S

of Fi guim -c 2.2 show the seasonal d i s t r i b u t i o n  of wind  and mixing ;  and dense clouds. \V i t ls un-
a~erage dai l~ te m l ser atu m e in degrees Fahrenheit tt s u al lv  long dur ation of cloudiness or with dense
t t  s(’lecte(l re p m e s em m tat i s e  St a t l o i l s .  In general , the clouds , t he da i l y  te mnp er atu ire mange may be less

average d a ih  tem upe rat  u te  at the hei ght of sum s!- t lm a is 10° ; and wi th  clear skies , di a ir , and li ght
mner is sli gI m t l ~ above 80°. Jul y te mn l cr a t u i e s  wind the range fre qt i enul y exceeds 30° .
averag ing abo ut 75° a t e  t ’~ p it ’al of m ost of the Figures 2.6 throug h 2.9 show the average dla il y
U nited States. Values less than 70° prevail In extre mes of tempemature  for J anuary  and Jul y,
the  extreme miort li ern Um sited States , a narrow fo r the period 1931 -55 , fromsi the Weather Ru- S

f ringe along the north Pacific coast , and in high rean pu b l ica t i om s . “Cl im si a tes  of the States. ’’ Fi gutre
m m m o u n t a i n  regions. Values comssider abl y hi gher 

~~ shows that  on an itvemage J n u t a m  day the
t ham i 800 occtir in parts of the S(ni thwcst .  temp erature rises to more t h a n  50°F. in the

It s Janu.I r )  , t he average da i l y  temperatttre U5 msso um sta i ns . the h)w 60’s in the cem i tm a l  part of
the study area is about ‘10°F. in the mou n ta im is , t he s tI m ( lv  area, a nd reaches 70° in the extre m e
15° over mm iu ich of the I’iedtuont prosince , and sout heast l) am ’t .~~-5as shown on Figure 2.7 , the
50 over tnti cli of the Coastal Plain.  min imum uenip eratt tre during au average j ams -

\Vint er temperatures vary more over the n at -v  day is 30~ in tL - . m o t i n t a i m m s , 40° in the
United States than sumumer tempera ttmres do. cem st ra l p art , and nearl y 50° in the extreme
Avem-age Jan t iary temperattires range from zero southern portion of the Southeast River Basins .
os-er t he northern p laim i s to 70°F. at the sotith- Its Ju l y. as shown on F’igure 2. 8 , t he avem age
em t i p of Florida. Its tls e tn idwt ’st and north- da i l y  ina x im ssu mn uemp er attmre iS abotmt 90°F.
eastern in dtmstr ia l  belt , average January tempera- oser most of the Sot tu lmea st  Riser  B as imm s , and

S 

ttm res m-ange frotn 20° to 3o~. 
- somewhat less in the m n ot im st a i n s .  Fi g u i me  2.9 shows

that during a typ ical Jul y ni ght the temperature
Falls to about 70° os’er most of the SoutheastDaily Range of Temperature River Basins , Its the m no ui m mta itm s the minimu m is

The average dai ly  temperatur e m ; i m mge is about abot it 60° , and al om m g both coasts it is in the
20°F., with the m u in i m u im usual l y at sunrise , low 70’s.
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Figure 2.8 Average J u l y Max im mirn Dail y Fi gure 2.9 Average J u l y Minimuni Dail y
Temp erature , ‘F. Temp erature , ‘F .

Extremes of Temperature The yea!lv tem n peratt im’e variat ion at most
stations is small , tss’o-thimds of the years having

The incidence of extreme temperatures in the as’erage annua l  t emn l) erat tm re wi th in  one degree
Southeast River Basins is shown on Fi gures 2.10 of the average . However , for shorter period s.
and 2. 11. Fi gure 2.10 shows the average number such as a month , considerable departures from
of clays having a maximum temperature of 90~’ average occur. For examp le , February is occa-
F. or more , and Figure 2.11 , the average number sionall y warms ser tham i March of the same year.
of clays having a minimum of 32° or less. The Tetuperatures much hi gher than 100° F. and
maps in these two figures d o  not show local van - lower ti t an zero are extremely rate  anywhere in
ations related to sharp differences in topography. the Southeast River Basins.
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Growing Season and Degree Days
Growimsg season is defined as t h e  period be- 180

Iween the last occurrence ims spring aisd the first ~ c ISO 
~~~ 200

occtmrrence in au tumn of temperatures below a GA

given base. This base is different for different 200 
220

plants, some being much hardier than others. 2~0

‘l omatoes are damaged at tensperatures below ~~~ GA 240

32° F., whereas peas and cabbage can withstand
temperatures as low as 24° for brief periods. 260

Figure 2.12 shows the average frost-free period 240

or length of growing seasons for sensitive p lants.  
-

The number of (lays ranges from 180 in the
mountains to 300 in the extrense south , wit h 26 -— //
most of the Sotitheast River Basins having abou t 280 “ -- GA 280

250. These values v a m y ,  of course, frotn year to - 
- / -~~~~~~~~ 

- ~~~~~ 300

year. Its the nurtls , t ise length of growing season 780 
- ‘

is wi th in  20 days of the average t wo -t lm imds of
the yeam-s, and in the south it is w i th in  30 days 280 300

two-thirds of the years.
Figure 2. 13 shows the average date of the last Figure 2. 12 Growing Season , Average Number  of Daysfreeze in spring, and Figure 2.14 shows the Per Year,

average date of the first freete in a t i tum n.  Both
fi gures app ly to sensitive ~lamsts. For hard y 1)lalsts Southeast River Basins this  number averages
the average growing seasomi l imi t s  would be 1. 100 along the coasts , 2 ,400 for Atigusta , and
about 25 (lays earlier in spring ams tl about 20 2, 800 for At la is ta  and Columbus. For compari-
days later ims au tumn ,  son, Phocaix , Los Angeles, and New Odeans S

Th e  average annual  m stmmn b er of degree-days have 1 ,200 to 1,500 degm’ee-days: St. Louis and
below a base of 65°F. is a comnsomsl y used meas- Seattle have abotm t ‘1,500; and Eoston , Chicago .
tit-e of m ’equir emuent for heatit sg buildings. In the atsd Dcmsver has’e from 5,800 to 6,300 degree-days.
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SECTION IV - SUN AND CLOUDS

As indicated earliem , tisere am - i’ about 120 day s Visit ed States and is gemserall y adequate every.
of rai n s over mnost of the Sotithea st River Basins whei c.
i n an average sear . :~botit 120 day s are clear , Part l y  be( aust ’ of the ck )u d im se ss 1551 ~ iat e d
.‘uid the ic mm sai t ule r  p lt t s  souse ol t hu i i  Us t lass  with sumssi iser shower activity in the Southeast ,
are p art l~ clear. ‘l’lse foregoing al l Ies  . I l ) l ) I y also J t m m i e  and J ul y f r i .’quets t l y have iso im m Ur e hours of
to most of the easterts  ( J m s i  ted States . i however , su ms s hiise th ai s ~sl .i~ . 51’his sun st l le r  aftermsoon
because of low la t i t t ide  of tise Southeast Riv er  loudine ss , aiotsg w i t h  t ise proxi m it y of most of
Ba sim is , t hem e is ms sorc ’ solar ra clia t  ions on L tt s  aver-  t lse Soutiseast R iver J3asitss area to thu. ’ re lativc ’ l~
age winter day than f ar the r  mmo rt i s .  In slimmiser - cool o~e .i m m , hel ps exp lai ms wh y tempe r ltt t mics
t ims ie sum mm si ness is relat ivel y t in i form ovc’I the mot uch above I 00~ F. arc extr emely rate.

SECTION V - FOG AND HUMIDITY

Dense fog occtirs ( luring pati or all of the many people would be uncomfortable. The wet-
day oms 10 to 15 clays per year os’c’r most of the b t mlb temperature is about 60° in the first case
Sout heast River Basins , w i t h  vai tmes as h i gh as and 75° in the second case. Also , the amount
20 along part of the Gulf coast and 30 in the 1,f ~~~~ sapor is much gmea n er  in the secotid
extrem sse north mounta itss.  ..~hong boths norther t s 

~~~~~~~~ desp ite tI m e lower relat ive lsn i m si i t l i tv .
coasts of the United States 30 or m ore da)s of ‘~s a tsieasu re of ht ins a ms €ot sifor i , I s t i n s i d i t s
dense fog occur its au average year . Mos t of c-an con svenient lv and effectivel y be (lescnil)e(l in
the A ppalachian reg iom m has 30 or more foggy ter ms of time wet-bui lt ) tet ssperat t ime.  ‘l ’ lse wet-
clays per year. Pm a t i ( a l l ~ all tise rest of the bu lb te t o sp ema t t l re  is t ime te ns p em zi t t l re of a mn oi s t .Uni tc t l  States has less than 30 tla~~ of fog Per 

~‘ent ilatetl . shaded thermometer bull) at SVh5i ( Isy ear , aisd tslost of t lse Uni ted  States has less there is ~sts exact balance betweets ti m e wains t i s  ofth a t s  10.
misc air  and tlse evap ot ’at ion sal coolit sg effect ofExtrenses and changes iss atmosp heric hum ss id i-  th e mn ois t surface of the bt i lb . Its gem s et a l .  t imev a f f e t  i stmm isa n comfort . m m sars u fact mi r in sg pro- is i gher misc ~v et- b tm lb tens l)er a m u t e , t lie is ig iser t lsecesses , air- cont li muon i ng l oad , growt ii of vegeta.
is ii mu 1(1 i t s -  and t 1st ’ grea 1cm - mI s c t i t  Si omssf ou t of 115051tion , and the operat ion and durabil i t y of eqtmi p-

memit and buildings. Relative h t i n s i d iuv  is 
~~~~ 

peo~i le.
abl y the most consmomsl y used expression (if l Ime wet -bulb  tem s sP e rat t im e its t i m e Pie dts i s m s m
ht im idity ’. Its dependeisce ots tens peram t ire as region of time Sot mmi se ast River I% asi tss mat sg cs h oist
numcis as oms water content rest ul ts  in great sar i -  ab out ‘10°F . in win te r  to 70° in sums sns er . ‘I.’
ation clt mrin g most clays everywhere. Relat ive h i m — ~t ltt& ’ its m is c (.o~t St Lt l P la in  man ges h tom si al ) oti t  ‘I l l  ‘

midi t y  ranges from about 50 percent carI~ in in winter  to 7 5 5  ~~ si im s sms s er .  i ( t i m i d i t y  is t a m e ls
the afternoon to above 90 percent by sunrise IL Pt 0E ) lemsl i i i  5% ’i t l t c t ’ . It s s t u m s s m m m e r  i t  St m o m i g l )’ i l l -

(luring a t~-pica l day any dine of year. l’his range Il t i e t i tes  hi t t i ssat s  coms sfort 1111(1 is  a i m  imss ~ )O t t l i f l t

of variation exceeds the seasonal va ri a t i om i for c l i n s a t i c  elem iset it.
any given hour of the day .  According ly, reg ional In J u l y the wet-bu lb m ct i s p e u . i t tmr c  in tise
and seasonal generali zations of relative hun s i d i t v  Umsite d States r at sgt ’s from 50°F. lii mssore t han
have limited value. 75° . Over mnos t of Florida and a narrow margin

As a measure of htm t o s an comfort , re lative him- along the Gull coast , it is 75° or slightl y higher.
mid i t s  cans be pa rt icularl y ns isheadit ig. if the \hms t of t h e  west h a s  it s  .mvcl .ige lvss t h i a t i  t1/ Y -

air temperature is 68°F. and t h e  r e la t ive  isumid- lii  time Lake Stales and m imnid s iii N ew F’msg lan d
ity is 62 percent . most iieo~ 1e would i)e qui te  it is betw cems I 1 )  and ~~ - 1 m m he n sidw est ;t m s d
comfortable; btmt if the air temperature is 90° misti c h of time .-~t l a t m i i c  seaboard i t  i s  bctween 6)’ °
and the relative humidi t y  is onl y 50 percent , amsd 7 0 .
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SECTION VI - WIND

us e  S sti t  ime ;i s t  Ri s c r  Basins is at time southern and rai’e occtirreusc e of hurri canes 11usd tornadoes
ed ge if m h it ’ 

~ 
ev .i i i  i t ig westerl ies atid us ortis of t hey lsave b tu t l i t t l e  effe( t on th e average wind S

flit’ u su al t . i ( IC- t%iu5 ( i  belt. ‘The path of t ime ss’es- pl t t t er mm of mimost of t I me Sotmtheast River Basins.
ter hies I m l l g r a t c ’ s  SI )u thwa r d it s w im ster  amsd occa- Its gemseral , t he ss’indiest season is earl y spriusg ,
SiOIi . i I st t ) t  Ills ~il thsI t t  seasols a u c  ;t ssociated wit is wi th  h i gitt er winds iii summer , avera ging about
t h e  t% ( ’ s t t ’u l i e s . I t s  st l l t su sser t i iuse time west eriie s are 2 m iles per hour diffei ’eusce between the two
g euu e t  .i I ls is ort i m of t lie Sout lseast River Basins. seasomis .
his adt h i t i o t t  I i )  t i m e  general circulation . the South- Ph ysiograp hic influences in the Soutiseast
(‘.1st R is t ’u  lLi~it ss .it’ea is subject at times to t h e  Riser Basins are iml)ortant. St at iotss sud s as
m m nne  hot al c i u ’ tuh a t i i , t s  w i th in  sto rum s , to motit s- l’enmsac o la arid Savar sr sah , which are at os- near
na i i m- s a lk ’ s  li ~ ’eit’s . .i ms d to laisd-sea breezes msear t ime open coast , have average wind sl)eedi s of 7
t he o~ ’.umi au th gu l f ,  to 10 nsiies per hour; stations , stuc h as r~ t lan t a ,

It s geiseral , the ss’itsd isear tI m e ground has van - on ridges or plateaus have average wind speeds
aisle direction and is relativel y li ght.  The aver- of 8 to 10 miles per hour; am sd at relativel y
age speed i’~ S to 10 tm sile s per h our witis  no well- sheltered valle y stations s u d s  as Au gusta , Macon , —

defi ms etl t lne et  iona l l ) a t teut s  either for average or ami d Tallahassee the winds average 5 to 7 miles
for str ou sg wit sds. Becau se of the relativel y brief iser hour.

- SECTION VII — TIDES

Normal gravi ta t iona l  tides in the Southeast each coast amount to as much as one-half foot
River Basiu ss occur twice (laii y. The tidal range , at some places because of local comifi gurat i on of
which is t h e  difference between nseams high water bays , sotmnds , anti harbor entratsces .
and mean how water , increases from about 5 Extreme low water is generall y about I to ‘1
feet near the mouth of the Nassau River to 7 feet below mean low water , the distance usuall y
feet usear Savannais along misc At lant ic  coast. beit sg about half  time tidal t-ange. Extm ’eme hi gh
.\long the Gulf of Mexico mite t idal range in- tides as mitch as 20 fee t above tncam i sea level
creases from about 1 foot near Pensacola to more may result from hurricane winds amid pm ’essures ,
that i  2 feet near the nsouth of misc Suwam snce and river flood s may also protiuce hi gh stages
River. Departures Irons the general trend along its esttmaries.

SECTION VIII — OBSERVATION STATIONS

The nsaps of Figtmre 2.15 to Fi gu re 2.23 show fi gures were prepared and which are idem it ifie d
tise locations of precip itation , temms per ature , as “Riser  Basin Maps of the inter-A gency Cotsi-
streamfiow , and other hydrolog ic stat ions as of mit tee on \~‘~u 1er Resources Subcotnmittee on
1960 for ind ividtm al basins in time s t in ts  area. i i ydrology_Prepar ed tinder supervision of f 1 S.
These maps appear in geogn-ap hica l omi ler of time Weather Bu,r eau— 1960, ’’ Time list of ssusmI ) oI s ,
i n d i v i d u a l  basins frou’u s mmo rth e ; ism to sot itim ss ’est showms on Fi gture 2. 15 for all  sisaps ims time O ct i t ’ s ,
across time stud y ;t r ea . For addit ious ;t l  atsd msm or c was r cprtxltu ceil frotu the original Inter-A gen cy
detailed in l orusm a ti om s , u ’efereusce usa~’ be tssa(le to Con im is i t  tee ims ap s ;atmd shows some t~’1k’S (O f (5 1)—
pub lic at io tms of time ageuscie ’s res lus u isible for time servat io tms wi skim a m c not takeum in every part
observations or to the maps Imom which tlsese of t lse ( -ountry.
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PART THREE - WATER RESOURCES
AND PROBLEMS

SECTION I — SURFACE WATER

Average Streamfiow gional distribution of surface runoff more than

The average annual  streamfiow of the South- rainfal l  does in much of this  area. In the absence
east River Basins represents about 15 inches of a generalized reg ional stU ( 15 of ground water ,

ra infa l l , r uno f f , and related factors , it has beenaverage depth over the drainage area , compared
to the United States average of about 8 inches. necessary to estimate runoff fro m ungaged areas

\Ve t years include 1929 and 1948 and the out- b y such methods as assuming tha t  characteristics

standing recent dry period is 1954-56. Most of believed to app ly in a nearb y gaged area app ly
to the area for which estimates are needed. Inthe stream-gag ing records were started in 1987

or later and most of the older records have (u s- some places, such as Savannah headwaters , it
continuities , so estimates of average flow are not was necessary to extrap olate instead of inter-

precise. Flow postulated for fu tu re  years is large ly polate . The map of Figure 3,2 shows the regional

a product of the conventions chosen in any selec- runoff pattern in a general way.

don of (1) a standard period of record; (2) Withdrawals of Surface Wafermethod s for adjusting short records to the older S

ones; (3) estimates for ungaged areas; and (4) The average annual  surface water discharge
the assumption of no long.term trends or cycles to the sea from the stud y area is about 70 mil l ion
to be extrapolated. Streamliow for the period acre-feet and the lowest flow of record half that .i i
1937 through 1955 was taken as a sufficientl y The 1960 withdrawals from surface sources
good indicator of the streamfiow regime to be totaled 3 mil l ion acre-feet and the projecte d
expected for the period ending in the year 2000. withdrawals for the year 2000 total 9 mill ion

On Figure 3.1 , the wide, shaded bands along acre-feet , not countin g reuse. These withdrawals
each maj or river indicate , by the scale shown , ss’i ll be widel y dispersed. Possibl y one-tenth of
the average annual streamfiow or runoff for the the total withdrawal will  be consumed.
standard period 1937-55. The narrow , heavily
shaded bands indicate the lowest calendar month Seasonal Distribution of Sfreamflow
flow during the period. This fi gure shows the The diagrams on the map of Figure 2.2 show
relative flows of the maj or streams and the the seasonal ( l is t r ibt t t u on of average monthl y
accumulated flow from tributaries.  Fi gure 3.2 streamfiow in inches average (lcptll for selected
shows the average annual  runoff for the period drainage areas near the cit ie s shown on the map

- 

~ 1937-55 from areas of 24 to 1,300 square miles b y means of shaded bars at the bottom of each
for the ptirpose of indicat ing the geographic al diagram. Regardless of v a r i a t i o n s  in the seasonal
distribution of surface runoff. Larger drainage ra in fal l  

~~~~~~ 
the average s t reamfiow . (‘xcel)t

areas than those shown would obscure local sari- in certain coastal at cas . is hi gh in (‘all y sj ) t i n g
ations in average runoff. Data for smaller areas and recedes to a loss’ in la te  a u t u m n . ‘l’ li is aver-
are very sparse. Runoff from the interven ing age seasonal regime is 15 pi al even ol mos t small
tingaged areas ‘an be interpo lated fair l y well streams. The summer ra nd al l  peak does not ordi.
above the Fall Line and isoli iu’s of average an- n a t i  I ) J)I’O( Itlc t ’ a s imit i n i er  m u m n o f f  peak because
n ua l  runoff could be ( I m a w n  for the 

~~~~~~~~~~~~~~~ 
of summer  s lm uw em s u s u m a l I ~ f a l l  ott m c l , u t i v e l y drs-

t i i t ’  Southeast River  Basins in the Piedmont and soil and be ause much m o N t u m  F’ is t t a I l S 1) i t ed  by
Blur Rid ge provin( vs. Hosvcvcr . below the Fall veg etat ion in sumt l lml l ( ’ r . t h u  us leas ing rc lat ivels
Line , mit e  d rawing of 511( 11 l ines would be largely l i t t l e  ( o I l t l ’ i i ) l l t  mu t t  to m u u m i o f f ,  Sonic of the coastal
conj ecture bC (aI ( sr  (I f ( l l ’ t W I I t l f l U i l i ( ’s  i l l  geologic sul’e.utI ls  t t m i gi m u a t i m i g  i n l a t g r  sp t ing s  ni lake s tend
and soi l-mantle  (Oti dI ( b u s  wit ich affe ct  the mc- to have ía i l l ) sin i b m  iii ( low I i l m t ) I u g ilou t t he c am - .
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A few of the others tend to have two rises per Streamfiow Frequencies and Extremes
yea r, nile fol lowit ig each rainy season , beca use

Table 3,1 , prepared bs the U. S. Geolog ical 
S

of special local geolog ical and vegetative cOn(li-
Survey , gives avemage discharge , hi gh and lowions,
extremes of discharge and stage , and generalized

Year— to—Year Variation in Streamfiow 
frequencies of hi gh and loss’ floss’s for s ta t ions
having  records of 5 vea l s  or more. Data ale

In the diagrams of Fi gure 2,3 the shaded areas shown as of 1958 except for hi gh flows ss’hich in-
show the total calendar -year streamfiow in inches d ude data to September 1961, \‘eal s  since 1958
average depth from drainage areas near the cities have not changed the recom’d of min imum flows
for ss’hich ra infa l l  has been given. It may be or mat cm - ia l l y changed the  average regime. This
noted , in gener al . that  years wi th  heavy rainfal l  table is divided into 2 1 parts , 3 ~~~~ 

for each
also base heavy streaniflow , and s’ice versa , with ~if th e eight  bas ins. The first pal’t for each l)asin
a fairl y hi gh degree of correlation . The differ - i Ik ’I l t i f l e s  the s ta t ion , gives the drainage area,
ence betss’t’en rainfal l  and runoff averages about gage datum . period of t i .’cot’d , and ascu age  and
35 inches , with bi gger differences during wet extremes of discharge and stage , ss’it h dates of
y ea ts  and smaller differences during dry years. occurre nce. ‘I’he second part of the table for
Most of the runoff diagrams in this figure are each basin gives the mean annual  fhx)d and the
for small drainage areas so as to reflect regional 50-year flood. The third part of t ist ’ table f0n’
differences that ss’ould be obscured by larger each basin gives the median a n n t u a l , lowest and
drainage areas. tJnfortunate l y, the few small- second lowest discharges for calendar month , 7
area streamflow gag ing stations in the Southeast t iays . am! I day. The basins are listed in the
River Basins generall y have short records as com- order of t h e  adopted basin numbering system
})ared with rainfal l  records. The diagram for the from northeast to sotuthwes t across the Southeast
flow near Columbus . Georg ia , shows the long River Basins area.
record streamliow for the Chattahoochee at In addition to the descri ptions of runoff sta-
\Vest Point. This record is not to be compared ti on s which are given its ‘Fable 3.1 , Fi gures 3.3 to
with that  of Columbus rainfall but is to (lemon- 3 1 1  show the locations of selected recorder
strate t he s ariation in streamfiow from year to sti’eamllow stat ions by schematic diagratu s which
)ear over a long period . For the entire period also give the river miles for these stat ions and
of record at this station , two-thirds of the annual .major stream jun ctions. At t he stations shown ,
runoff values are wi th in  the l imits  of 15 to 27 (‘out unu ous recording gages from which (u s-
inches average depth over the drainage area. It charges may be computed are either now oper-is significant tha t  the average runoff for the 20-
year perio(1 19-10-59 is about 19 inches and a t ing  or have been in operation in the past for

for the 20-year period 1920-39 is about 22 a long enough period so that  the record s have
been valuable in p lanning.  Some of the lat terinches—IS percent hi gher. More stud y than has

been afforded th us far would be necessary to stat ions ale floss’ oPerated as Partial-record sta-

establish a reliable , widel y accel)ted estimate of lions whem’e crest suages are measured but record-
average runoff for the perio(1 196 1-2000 , or of ing records aI’e no longeu- kept.  In a (I di t i ots . pa r-
the frequency wi th  which certain extremes are tial-record s ta t io ns  not shots’n on the diagrams j
equalled or exceeded , are being operated by the L I . S. Geolog ical Stir-

With the vast amount of water available in vey in all  of the ei ght b asins to measure crest
(lie Southeast River Basins , it  has ttot been re- Stages and/or low flows . Reference mas be made
garded as impor t ant  to make refined ro t imates again to Fi g tume s  2.15 t lu I oug il 2 2 3 . which were
of fut t ir e  water ava i l ab i l i t y ,  pa r t i cu la r l y sitice describe d eat -h er a t i t i  wh i  ii give I he locations of
onl y roug h estimates of ul ( ’c ’(ls arc available. ht y dologic s t a t i ons  ope tat  lug in 1960,

3.4
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TABLE 3 .1
Streamfiow Data for Southeast River Basins by Basins

BaALII I Average and extreme discisarges at gaging stations in Savannah basin
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NI (‘ru> 3 Diversion above station at times for municipal supply of ‘Co,c’eoa , Ga.; average ntiseharge adjusted for divers. p,,o,.
o Not determined. 

‘ S3 Flow regulate’l by powerplunls. by I3urI,on Reso’rv,,ir (complet ed 1920) and by Sl a th i n  Reservoir (completed 10141 (ro, ,otnned usable
capacity, 129 ,000 acre-feet ). on Taltulstn River.
S nacijusted 0 nor change in eontentn r,t reservoirs.

O Sonic regutation by powerplant produces diurnal fluctual ioon at low 9ow,
Maximuno stage o,eeurro’ol at different time than did 0000inburo discharge,
Maxiuomio st age known , 28.2 ft. Aug. 20. 1908, ,,riginal Site and datum. fronn rec,,rds of t rI W eat toe r Bureau ,’ itiseharge and r,’lation
to present ClObt U r , o fli t tlet,’rniined.

o Pri,,r to I)eee,,iber toO l soo n ,e regutat io(n by tturto,n and Olathis Reservoirs snot powerplants above station; fr ,,,. lh’ce,,oher 1951 floow
completely regulated by Clark it i l l  Reservooir , usat,le capacity 1,730,000 ac re—feet. SPrior to Dcce,,iber 1051 so,rioe regulation by reservoirs and powerpiants above statisn; sonic regulation by N o w  Savannah Bluff l,ooclo
annt L)ano s ince 1937. -Sine,’ t)ec,’nober 1951 Hots- r,’gulaled b y Clark ltill Reservoir , Stevens Creek tnowerplant , ant i No ’s- Savannah Bluff t,ock trod Os,,,

4 A t  sit,’ of t ” i f t to Stre,’t gage at ntatuno 102.06 ft .  above mean sea level .
i~ t”low unaotju stcd fo,r change in contents of Clark tlitl tteservoir ,

Flood characteristics of streams at gaging stations in Sav nnab basin

Gaging station Mean annual flood o Flood of 50-year
—. —-—_-- —‘--— — -——- recurrence Inte rv aP

Discharge Stage ——- - — 
_______— —— (ft.) Discharge Stage

C.f.s, (1.f.s ,m. ——- — - —— --- - - (ft.)
c.i.a. C.f,..m.

(‘hattooga ftiver near (’layton , Ga. 7,600 36.7 6.1 22 ,6011 109 u .s
(‘hattooga River near Ta llu lab Falls , Ga. 11 , 000 4 3 0  t O .7  32 , 700 120
(‘anther (~reek near Toccoa , Ga. 3, 450 106 11.3 10 , 200 314 14 .7
Tugaloti River near Madison, S. C. . - S S
Tugaluto River near Hartwell , Ga. 111,200 20.0 11. 5 54 , 106 59.5 -

Whitewater River at Jocaanee,S. ( ’ , 3 , 170 67.0 6 .5
Keow ce River near Jrwassee, S. ( ‘ , 9 ,530 64. 4 9 .11 - -

Keowee River near Newrv , S. (‘. 10 ,600 40 .9 ‘21 2 -
Seneca 11 10cr near Anderitu,n, S. 1’ . 23 ,500) 22 9 13 . 3
Savanna h River near Iva , S. 0 ’. 45 .100 20. 2 11 ,5
Rocky Riv e r near (‘aIhIllin Falls , S. C. 5 ,620 21 .0 7 ,9
South lfu’averdam (‘reek at 1)ewy Rose, Ga. 1 ,290 36 .0 ‘I )) 3 , 5311 1117

- ‘ 0 P t )  11111101 I -
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TABLE 3.1—Continued

Gaging station Mean annual h ood 1 Flood of 50-year
— reru rr ,’ncc interval ’

Dioc harge Stage - ~~~~~
— - - - — —

— ((I.) IMseharge Stage
C.i.a. (‘.i.o.m. - - —-— — — - 

~~ — —  (ft .)
(‘.11.. (‘,f.a.m.

Savannah River near Calhoun Falls , S. C. 46 ,500 16 2 7 I; 13>5 , 4490 4” ))
North Fork Broad River near (‘arnesvi lle, Ga. 3 ,390 27.7 41 9 ‘ 1 3 1 4 1  > 5 2 4

Brt(ad River near Can ton , Ga. 14 ,600 19 2 ‘1 0 4 1 ,4 )4 ) 
~o7 4 ) 2.~ 5

Broad River near Bell, Ga. 25 ,200 7 1-1 - 4 74 s P 9 i  !12 3 34 2
Little River near Mount Carmel, S. (‘ , 5 ,200 24 . 1) 7 4 1
Little River 1,6-ar Washington , Ga. 6 ,1100 23 4 21 7 2(0 . 2)4) 4~ 4 4
Little River near Lincolnton , Ga. 9 .290 16 2 114 5 27 , 4116) 45 I -

Savannah River near Clark Hill, S. (‘ . -
Stevens Creek near Modoc , S. C. 13,100 24 I) 241 6 -

Savannah River at Augusta, (3~,2 104 ,000 13, 9 24 310 ,0(6) 41 .3
Savannah River at Burtons Ferry Bridge

near Millhaven, Ga,2 71 ,200 ~~2 22 1 2 1 1 .144 ) 24 4
Bnier Creek at Milihaven, Ga. 4 ,370 4 3 . 5 II 1 13 .469 ) 20 I 14. .”
Savannah River near Clyo, Ga.2 65 ,400 6.9 19.5 21)2 )9)0 2)) 5

NI )Tt S 0 Baseot on regionoo l analyses fo,r t h e  I~~~~”1 116142 to 11149, 
-Base.l ton reco,r,hpo ohhntine,l I,rioor t o ,  eo,,,, I I .’t on,,, of (‘tart lb  ill 11,-so n

Minimum discharges at gaging stations in Savannah basin

..II,I .4,0,0 Pe.0,d MOd,...,, sane-Jr dOdha.1e 
- - - 

Mini,.,.. 7-dat di,sha,ge Ml,O,s,.n dolOr dlaeOd,ge

Mcdl.. S.so,d I.,ne,s o.c.r Median ,‘46,o.,dl,,o4, 
— — 

I,, ...,a MCdi., S.s,nd I..ea I,,~~...,s.s3 .s,aal anna s a,,a4, a,,,.) •nanI

0. 1,,. v.t , .m. o r , ,  i - I ,,,. O f,, . 4.1.,,~ , (‘ .11.. (‘f.a.a . I f ,.  (‘f.m. ( C . ,. ( n.,.,.. (‘(a. ( f ,,,,. t n.,. ( .1.,,.,. I to ,  I. , ,., p
I’hatto,P(s (po rn near 

-

t ’layt,,n . h a . ’ 110:17 55 1461 1 . 16 163 (1 757 954 5 47n (77 o p nsl, 127 II 614 90) 111(3 ISP) il o i P -, ill II 5,’, nn 0 425
t’ant her ( ‘r,’e). neon

Tp,er,oa . (ia ~~ l’ 0 .(7 ‘n’, SI 0 9554 16 0 492 IS 0 10(1! 25 1) 7,1’, 13 1( 4(4 II II 3450 24 II S In 12 5 :91” 11) 0 P3
Tugaipo (lover near

Ita rtacll , II,. ’ p6107 loS I Ill” I 12 754 0 nIl 4211 0,4 112 7313 II oil) In) 0 531 214 II 4 ’, 364 (I 40(1 InS (P III’. Is’ 9 117
111.IS 53 735 , s 7 ’  5314 OP I’OP I ( IS Ii ill -

t’,e ,woe I(,orr rear
Scary , p1 ( 3  0937 - 55 4 12 I0 ’815 ItS! P 4 )4 IS’. 0 41 3 - - 274 0. 451 lIPS 0 . 343 152 0 1(4

Seneca ttiv c r neat
Aeder~ss. 5.1,’. p007 5 ’, 707 0( 767 414 5 4n1 3014 0 100 650 0 4(33 533 in 3’,) ISp, 0 2 51 5910 0 ‘.54 326 1) In 215 9 711 ,

iiaoasnah IIover sear
Ira, i~. I’.’ 1937 - 55 2 .1127 0 ‘4” 1. 410 0 15:1 n-sri 11 297 1, 700 0 . 702 1 . 300 0 Soils 714 It 122 1 , 120 0 . 503 673 e 1102 5440 0 242

1),,.~ 1037 - 55 1 . 510 P 514 1 . 201  I I  551  “P611 (( 360 -
Sooth Ileavsedann ( ‘rec k

near lOscy ttnn.
Poll 55 14 Pt 447 n I l  0 21:1 3 4 ) P l i5P ’

~ 12 11 1)5 5 4  P 151 1 4 ((1(010 1 Ii 9 3l17 4 7 II 131 I 5 10 1,27.,
Sav,nn,h tIt ter sear
l’alIO,,Oo n Palm . S. (‘ 1937 55 1. liSt 0 srI  I OS’ . 44 575 ‘ ‘Sn 0 - (II I “5.1 (I 1501 .354 (1 477 nP ’ s 0 2,1 1 , 52 7 0 (51’ 04 ’ , )) 1504 6116 (1 221

Il,,~ t933 - 35 2 . 110,1 0 SinI I 47n (0 .5! I~~~~~ ’ 1 , 01 1111
Itn,,ad l(.nrr seat

Sell , ( Ia 19:17 35 .1162 0 737 II” (I (14 11>5 0 “4 443 0 ‘ nI 157 0 2001 11’ o (1 (51 410 II , - n 14 : 1 5 In-n 110 0 144
I,,tlIo’ loner ness

7010 . l’aetn,’I. 1 1’~ 110 (7 SIP Iii 1 212 II. II ’ Ps7,o 4 5 0 0257 25 0,120 IS ‘ ‘45! I 2 I I l ~ l1.5 24 0 III 9 6  (0 ‘P 14 1 I
I.ott (e It,.,., Poor

I.ins.oIrt ,,r . (ia. 1 11)17 55 44 0 1151- I 14 0 p(I ’ ,2 2 I 1 P (14’57 214 11 1450 3 0 P 160111 I 7 0 0054,1 21 0 1110 ,11 I 0 5 15101 I 7 0 0 5 0 3 , ’
Savanna h (100 cr sear

( ‘larks t Ipil, 11 1’. ‘4 11 ‘.1 5 . 71(7 (I 641’) 2 , 4 71 11 41(2 3 . 254 P 171 I . nnP ( II 014 , 1 .3911 0 22.1 1 . 1210 (0  152
II,o , ’ 1 1.17 115 1.2 17 0 0 5120 I .~P’I2 10 2111 1 . 160 ‘ P

Steven, (‘reck near
Slostoc . (‘ .0 16.07 1,51 14 P1 11257 I 9 , p I r ’ l n  0 0 3 4 ‘ ‘ ‘ ‘ ‘ . 2  0 0

Savannah Rover at
.Sog,,,oto . (10. 937 51 1 7511 10 4 11  2 . 092 11 :057 2 . 325 0 315 2 .57,10 Ii 101 2 ,0100 P _ ‘7n 2 ,07,0 9 270 2 _ I’ll 11 :110 I 1’’’ 0 I OS I 4 ’ ’  II 70

15,.’ 1952 57 4 Ot O 11 14,1 4 . 015 4 II 40 ( . 132 (( 44 4 l os,, ‘p 517 3 4 1 , 5 II III 2 . 25’’ Il ‘1 4
Savasnnh bl,ver at

Iturtosi, Fenrp neat
M,00aven . Ga. (“ (7 p I 4 174 (0 ‘~2’( 3 . 57 I p 4 1 1 2 .954 0 II ’, 3 ,530 5 2 . 1,70 1 1 2 1 7  2 4n’~ II ~ns 3 . 120 0 11. 2 . 240 5 25” 1’ 11111 ( 1 4 ’.

II. ,’ ‘052 57 5 . 5501 5 01151 4 ~‘~ P (I 231 4 . 074 0 III 4 51,11 0 .1. - 4 7711 0 ,“ l ’I P(
~ 1 5 I” ) p

On e, ( reek at
SIII(havrn , 159. I’ 1P7 15 2.141 0 3037 12,1 0 1 1 1 7  ‘1’, (I 47 I I I  9 2012 III. 13 I’ - e4 t I l l  IS P 0’ 212 1101 II 7’ ’ 04 1 0 0 4 4 6 0

So, anna), hIder near
II 4 I I SI 4 9 4 I) 4 0 4 ( 1  (1 II 4 0404 0 4 11 1 127 0 II 41 4 1 0041 0 I S I (0 I hI

57 55 570  0 54(440 5 524 o P i’ll 4 . 14O( 0 ( 55 7 , 4 4 ,  5 531 ‘, lOl l  (0 ‘.1” 1 6.111 0 P0 ~ ,

\i 4 I ’ t - S :  I II ‘‘ - ‘ o r .  I t o, l  ‘ ‘ ‘ o t ~i t ’ l ’ - t o . ( o r  ,‘nf,r,’ t o o - r I o  I; n, p ,p  P i o ~ o ( l I , -  li on , ,l:,l,o t al.-,’t, ) r , , o p , ,- . 1 , 0 1 , 0 , - n  In II ‘p , .,,,, - ll,’rr,,’k . s not lIe ns’ s , l I O . ’,t, ,,r tom , ,—,,r—
r o - I , o l  o n , -  , ‘ s t , o o , - ,oI,’. lo , ,s o ’o I ‘ to  ro p e s i r  ,o, -,,r I,v 01101 ist oro 
~.I p u , ’ .’ ,,( ) , , r , I o n o - r i ,,,, ( n  o ’ , lsi ‘‘I I’ oo -~- o ’. .

* 1,,) , o _ l . ,  I ( o r  P - l p . - 000 ’ o -  I t o  o ’, i r P t o ’ l O t n  ,,l I I , , r I , o , o  pie,,t 7 o l s o t l o o s  II o ’ ro ’ rs - oo ,  r,,• .‘,‘ ) i o i — ( o - ’ ) ( o r  , - ( o , , r , e , -  on , , , l 0 l , ’ t o t n  , o t  I Ip,rk lo l l  II ,-r,’ rvio,r . r,’c,,rpl s,,t ‘ S P I I p I P - O P ’ ’ )  ho o r ,‘st ,re p ro ’ ’ ’  I. o,,, n o , o o o , o ,  t i ’ s  ,ta t ~ 110 (7-11 . 0 t aken
I r o p ,  , - , p r r o - I ;o  1 0 1 , - o - ’ r o , , , , , l ’ ’  I .ns, ’ , l  ,,n ro- p-, , r , I s f,,r ro,’p,rl,v s l p , to ,o t , r _

a 4.] ,,
~, o,- , s p o lnO , , I  I., I torI. 11,11 ll,- ,so- c n , , , r  so,,,, ’ 11 0 .12 . ,lPs, -),10 roo ’ not nohj o iv lo ’ o I I,,r ,-loa,, ge on c ,, nl eo ,t n o t

- . o o I O I  ( 1 ( 11491 1

-- ‘~~~~~~~~~~~0 -.. , . - ‘



TABLE 3.I—Conf~nued
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Minimum discharges at gaging stations in Altansa ha basin
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TABLE 3. I—Conf nued
Flood characteristics of streams at gaging stations in Satil la—St. Mary s basins

Gag ing atatlais Mean annual flood03 flood of 50-~- rar
rea’ureenre Interval ’

l)lscharga’ Stage — ~ - — - - -~~~~ 
(ft.) Dischar ge Stage

(S.f.a. CS.f,a,m, —
~~~~~~~

— — - — - - -- (ft.)
(S .f.a, CJ.s,m.

Satilla Basin
SatiUa River tsear Waycroos ,Ga. 9 ,200 6. 83 16 ,4 31 ,700 26 . 4 ~I . 6
Little Satilla River near OtTerman, Ga. 5 ,500 8.51 tO 2 21 ,300 33 .0
Satitla River at Atkinson,Ga. 16 ,000 5. 73 16.7 61 ,500 22 ,2 23.2

St. Marvs Baain
North Prong St. Marys River at Moniac , Ga. 1,700 10.6 13,6 6 ,320 39,5 -

St. Marys River near Macdenny, Fla. 8 ,000 11. I 16.4 29 ,800 41.4 22 5

‘ Base d on regioontol analysis for b,e peri ot o l 1892 too 1049 in Geoorgia snot 1927-53 ott F1o,ri,la.

Minimum discharges at gaging stations in Satilla—St. Marys basins
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TABLE 3.1—Continued

Gaging atation Mean annusj flood 5 Flood of 760-ses r
- — -~~~- - - -  ~~~ — - - - . - — . - — returrenc t . intt rtgi m

Dlacharge Stage - -- - - - - - -
— ——----——-—— - — (ft.) Diacharge Stage

C4’ .s. (S.(.a.m. — - - — — - ——-- — -
~~ (ft .)(‘.(so , ( ‘J am.

A lapaha River at Statenville , Ga. 6 ,000 4.3 22.4 23 ,20)) 16.6 29.3
Little River near Mel , Ga. 6 ,000 11 ,0 16.6 23 ,200 42.6 19, 5
Wi th lacoochet’ Rover near Quitman, Ga. ¶0 ,600 6 5 20, 7 37 ,200 25.3 210 4
Withlacoooo’hev’ River near I°inetta , lila, 9 ,000 4 1 20.8 33 .500 15.1 35.3
Suwannee River at Ellaville , Fla. 18,500 2.8 18,5 610.10)~) 10,5 36.3
Suwannee River at Branforol , lila. 16 .700 2 ,4 19,5 62 , 100 10 . 8 32,1
Santa Fe River at Worthingto n, lila. 7 ,000 11 .1 20.8 20 ,14){ o 4 1 .3  . -
Santa Fe River near High Springs, lila, 4,400 4.6 8 ,5 16,400 17 3 - .
Santa Fe River near Ft . W hite, lila. 4 ,000 4 5  5. 7 18 ,200 16.9 2
Suwannee Rivo° s near Bell, lila. 20 ,500 2.2 14 ,5 76 ,300 10 . 2 26.3

P 1 4 1 1 - 5 4 1 - I ltooso ’o) ott r,’gjo,nal oonalysis 1,or ob o, ’ Iov ’e iooot 18(42 to 1949 in Geoegia and 1927—53 in Floritta
.‘t ffecto’oI Ity b,oiekwoter I e,,no Suwannec River.

Minimum discharges at gaging stations in Suwann ee basin

(0.gi.g tab oo Period Minima., m.olWy di rharge Minleiaoi lsdar dI.ehaegn 
- - 

MInima ., dallr dlor horg.

Media. Seeeod a 050 1.05.1 MoOs, nireo nd 10,00.4 LOSeal Mrdlao. tI.sasd iowcai I.asan(
.o,00ni aa...l .aaaal a.aaaal asn aal .u,nuni

4 1  f m  0 f~~~~ f o  I l r ( l m  f ( (a.., I ( (am ( 1  I n ,  I In., I

il u000nsec lO uver at
Fargo ’ . (I.. 1337 - 55 :010 9 16319 I 2 Ii 0010 0 II I S  P o v , 5  21 11 0167 (1 II 0 II 5 0 ( 1 1 4 1  0 U 0 ‘SliuPuannee O b o e ,  at
55 Only Pipeongt . ISa. I’057 5,S 7 I II POPO,2 03 II IICSS 12 - I  ,05,ll 47 11 112.1,5 00 (1 00511 6 ,7 0 00044 44 U 11221 5 7 0( 141 49 7 5 P1 1(1,.

.Mapaha b oyce near
A la poha , Go. 0937 5,7, 7 .3 ( 1 111111 II 01 II P OO P 0 0 I 3 Pl l o , I ’ P  9 20  0 1 001013 0 U 0 n 11 11,11 OP II U 10011 0 U

- - ,Iolopaha Rover at
Statssvo 0e. G~. 1937 55 75 ‘I iP SO ’ . 34 I I  0211 21 0 0154) 50 U 0414 2.3 ‘I i l l S  II. 11 11125 S3 0 51,55 22 OI p l I 1 ,7 IT 10 0 1 1 2 11.1111. lover nearp ‘odd , tIo . 19.37 55 6 10 P I .55  II ‘P. (I , ( I l s  060 0 0 0 0 ( 1 1  PP 10 II P4413

W,l hlacr,,ehe, loose
neat I~oooIo,an , ( Ia. 1937 53 25 Pl l , I o 5 ’ u  7 I (P 04141, 5 5  Pi ll’ II 0 4 II 0054 S 3 01 00036 5 . 3 9 ,4 P 1o1 13 01 1(155 S 5  1( 1 4 1 5 1 5  4 7 1)1,0 112W,l lolaso,po’hce bIb s’
near )‘,nella, l’(a, 19507 .55 55 3 ,0S’os Oi 0( 01014 1 70 PP IPI,S l 131 II 0 1 5 4 1  77 PP P1 .147 77 pP pl  147 129 P1 ‘ 1 50,1 77 U 1147 73 0 II

1937 S5 1 , 455. 0 2101 ‘5 57 0) 145 093 o p II,. 1 . 420 1 1 2 1 01 (046 11 144 5”’  0 135

* lto’r,,roI no.1 eo,ioplo ’Ie (t or en Core I,t ’ eoo, oI . no o not o o t t r o o  f low ,IaIS taken f r , ,, , e,tj 000len I v  Tboo inao, n , Ilerrjek snot bbrt ow n 111456 1

Basin 6 Average and extreme discharges at gaging stations in Ochiockonee basin and nearby coastal area
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Flood characteristics of streams at gaging stations in Apalachicola basin
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TABLE 3. I—Continued
Flood characteristics of streams at gaging stations in Cho~tawha tchee and Escambi a basins and nearby coastal area

Gaging slaUan a Mean annual flood0 FlOOd o~ 50-pear
—~~~~~ —,——-— -- - ‘ — — — — - - —. — recu rrence Interval ’DIscharge Stage — —---—‘——
——  ______ - ‘— — (Cl.) DIaeIt.,ge Stage

C.r.a. C f,io,m. ~~~~~~~~
‘——— , ‘—~~~~~~— —  (ft .)

(‘.1511, (‘.I’,ts,m.

Bear Creek Basin
Econfina Creek near Bennett , Fla. l,t000 ¶1 ~( 9,9 6 ,700 3 6 0

Choctawhatchee River Basin
West Fork Choctawhatchee Ri ser at Blue

Spri n ge, Ala , 2 ,100 24. ’l 6.9 6 (100 80. 3 10
East Fork (‘hoctawhatchet° River near

Midland City Ala. 5,000 16.S 17.0 1t0 , ’300 54 ~) 24
Choetawbatehee River near Newt on , Ala. 9 600 14 . I 19 . 9 31 , 2tX) 4 .’~ . 7 300
Pea River near Anton , Ala. 8 ,500 17. 3 Ir ~ 27 ,6o0 ~~~ . i 21
Pea River (at Pera~ near Samson, Ala, 13 ,30(1 11 .2 27. ~ 43 , 200 3~.4 4 1
Choetawhatchee River at (‘aryville, Fla. 33 000 9.4 13.5 123 ,000 35.2 21 ‘2
(,‘hoetawhatchee River near Bruce, Fla. 3’l,IJOtJ H.7 12 7 141 ,000 32.2 21 ¶4

Yellow Basin
Lightwood Knot (‘reek at Babbie, Ala. .I,21j0 37.2 -‘1 1 13 ,700 121 12
Yellow River at Milligan, Fla. 9 ,700 15.6 10 36 ,100 57.9 -
Shoal River near Crestview , Fla. .500 17.9 9. .8 31 600 (41 .7

Blaekwat.er Basin
Big Coldwater (‘reek near Milton, Fla. 5 ,860 24 r, 9.6 21 ,600 91.1

Escanibia Basin
Conecuh River near Troy, A la. 9 ,000 35 . 6 13.5 29 ,200 115 1.8
Conecuh River at Brantley, A la. 8 ,800 17 , 9 19. 2 28 ,600 58 .1 28
Patsaliga Creek at Luverne, Ala. 7 ,400 210 7 14 . 2 24 ,000 96.4
Conecub River near Andalusia, Ala. 17 ,500 13.0 31 ,1 57 ,000 42 ,4 42
Sepulga River near McKenzie , A la. 11 .700 25.2 Is 0 38 ,000 81 ,9 27
Pigeon Creek near Thad, Ala. 7 ,600 25. 7 22. 3 24 ,700 83.4 30
Conecuh River near Brooklyn , Ala. 31 ,500 12. 00 32 Ii 100,000 40.7 40
Murder Creek near Evergreen , A la. , 4 ,300 25 3 11 . 7 14 ,000 82.4 15
Big Escarnbia Creek at Flomaton , Ala. 8 ,000 24 .8 11. 3 30 ,000 ¶ 02.9 111’
Escambia River near Century, Fla. 42 ,000 11 .0 IS 4 156 ,000 40.9 -

Perdido Basin
Perdido River at Banmeau Park, Fla. 7 ,500 19 .0 ‘14.~i 27 ,~6lo 710 ,6 21 7
Styx River near Loxley, Ala. 2 ,400 25 00 ¶1 , 8 l~~. lhR) 129 19

* Based on regional analysis foor the period 192(1-51 in o(o laloo aoooa anol (927-53 in Florida. 
a

Minimum discharges at gaging stations in Choctawhatchee and E’scambia basins and nearby coastal area
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UNITED STATES GEOLOGICAL SURVEY GAGING STATIONS
SAVANNAH BASIN

TUGALOO RIVER
CHATTOOGA TOXAWAY RIVER

RIVER WHITE WA TER
PANTHER I RIVER

BROAD CREEK ~~ot’~ 13A
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1 C11M$vUsaj-OA M40a.a ’ ‘ 341£ ..
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Ng~K+ 24A
_________________________________ 240

a.w*ll 23$ A

223 o

Aa$uSti °‘A

SAVANNAH RIVER

BRIER CREEK

Note: Symbols (A) denote gaging stations.
~~~~ 27A 

~~~~~~~~~~~ 13(A Numbers denote river miles to gagmg
stations, river todis and state boundaries.
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UNITED STATES GEOLOGICAL SURVEY GAGING STATIONS
OGEECHEE BASIN OGEECHEE RIVER

11.4140. lIp £

Note: Symbols (A) denote gaging stations.
Numbers denote river miles to gaging
stations, river fo.lcs and state boundaries.

Scaibic, (IS A

CANOOCHEE RIVER

ailt ig - 57 ~~~

tHu 52 A

0 
314
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UNITED STATES GEOLOGICAL SURVEY GAGING STATIONS
SHETLEY YELLOW RIVER ALTAMAHA BASIN
CREEK WILDCAT

I RUIN
CREEK 
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‘ 1

~0MI40S~ ~~~~~
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$
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ROCKY CREEK
a..., -4-nA
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OCMULGEE RIVER

iou.. A Mt. Viii.. . 24£

~~ , ..~~.......... _______________

O4A ALTAMAHA RIVER
142 OHOOPEE RIVER

54104m M. seA

1$ 0

Note: Symbols (A) denote gaging stations.
Numbers denote rIver miles to gaging
stations, river torus and stats boundaries. a.~~... ISA
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UNITED STATES GEOLOGICAL SURVEY GAGING STATIONS
SATILLA-ST. MARYS BASINS

Note: Symbols (A) denote gaging stations. HURRICANE CREEK
Numbers denote river miles to gaging
stations, river forks and state boundaries.

SATIL LA RIVER
AWoi . .A

Walrcr1.z -114 A

t 22

ALABAHA RIVER

NORTH PRONG (35
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‘52 A
ST. MARYS RIVER
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UNITED STATES GEOLOGICAL SURVEY GAGING STATIONS
SUWANNEE BASIN

ALAPAHA RIVER
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Note: Symbols (A) denote gaging stations. a.Numbers denote river miles to gaging

stations, river fon ts and state boundaries.
lMt -SiA

GULF OF MEXICO - -
Fi gure ~.7

3.2 1 



-~
- ---~~~-~~~~~‘- -- ~~~- ‘ --~~~~~~~~~~~ --~

UNITED STATES GEOLOGICAL SURVEY GAGING STATIONS
OCHLOCKONEE BASIN

OCHLOCKONEE RIVER
TIRED CREEK

ThouauOS. 041 A
CaSt ISA

022 
Note: Symbols (A) denote gaging stations.

Numbers denote flyer miles to gaging
112 statIons, liver forks and state boundaries.
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UNITED STATES GEOLOGICAL SURVEY GAGING STATIONS
~~ PALACH)COLA-CHATTAHOOCHEE-FUNT BASINS
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BRANCH 0 051,4.1 A s..oam is A

* 
Da,na$ca$ sA 0

UPA TOI 
~~ SPRING CIkEK 

A 
52

UCHEE CREEK 
~~ ~ 1 ~

I ISO FL IIIII41*42A tom clty. L32 A
Ft MltcIw* I

• ~ I 6arnand~. seA

CHATTAHOOCHEE RIVER
MATCH LIMO

BARBOUR ‘ta 0 5
04 Ii. (13

CREEK Pt a T112 A
O Chatt,h1.Ch..

OttlatSa 
______ ‘s CHIPOLA RIVER

1 APALACHICOLA RIVER
AlOha 52 A

Ft Gal$.i 73

Co(ttmsla CIA NOTE: Symbols A) denote gaging stations.
I Numbers denote river miles to gaging

at.(a 34 A stations, river forks and state boundaries.
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UNITED STATES GEOLOGICAL SURVEY GAGING STATIONS
CHOCTAWHATCHEE-PERDIDO BASINS - 1

Note: Symbols (A) denote gaging stations.
Numbers denote river miles to gaging WEST FORK
stations, river forks and state PEA RIVER
boundaries.

uIu.Sst41s~~- -IN ,~~- ‘ “ A

EAST FORK

131

SHUt.. . -133 A
YELLOW RIVER

GarnisH - 30*

LIGHTWOOD KNOT CHOCTAWHATCHEE
CREEK —*- ~~~ RIVER

Ala

I saltMA -4-- .-3A
SI 52

SHOAL RIVER

HOLMES CREEK

~~~ A 
~~~~ .u A

I ‘ 
V
~~~T

nA

MIIl$.. - -4 1  A Cou34110 I A
33 I

3M 
H

1410 - -24 A ALA QUA CREEK ECONF1NA CREEK
km, -20 A

O. F.HlaSS40~, is A 
‘~~~~

- - P..ma.O. ~~~ I ChodowOtotchu.. lay ‘ - 0 Chodowhofcho Soy _[. 54.OfS Soy

Fi gtire :t.in
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UNITED STATES GEOLOGICAL SURVEY GAGING STATIONS
CHOCTAWHATCHEE-PERDI DO BASINS -2

CONECUH RIVER

PATSALIGA CREEK

tosy - -((I A

130MM . -uA

PIGEON CREEK Note: Symbols (A) denote gaging stations.
Numbers denote river miles to gaging

- SEPULGA RIVER 
kmlO.y . - ill A stations, river forks and state boundaries.

TbaS _[_ 4A 404(.40 
_j

~ 
~ A 0 133

IS _____ _j ~° Asdalmia - — 122A

MURDER CREEK

Color... —4-- seA 0 102
Ir.MIy. - -

0 
•7

BIG ESCAMBIA CREEK

STYX RIVER ~~~~~ —b— “ BLA~ KWATER RIVER
ca.n,y-- s iA

PINE BARREN CREEK

L14IHY A PERDIDO RIVER t sA 
COLD WA TER CREEK 

- - 37*

Isnl.s.. pwb -I-se A
I M5t.t~4. 3A
I Is

ESCAMBIA RIVER

Soy .1.0 Patuacolo Say _1_ P.nmiooh, Soy — -.

Figure 3. 11
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SECTION II - FLOOD-PRODUCING STORMS
To aid in estimating flood potentialities from year storm for the same arca and (lurati on.

Llngaged drainage areas and from drainage areas Figure 3.15, which is adapted from Weather
wi th  short records , estimates of frepiencies and Bureau 1-lydrometeorological Report No. 33
extreme values of rainfal l  arc useful.  Fi gure 3.12 on Probable Maximum Precipitation , shows
shows the depth in inches of the 24-hour point the regional distribution of probable maximum
rainfal l  which would be equalled or exceeded 24-hour rainfall in inches of depth over a
Oil the average otice in 50 years. Figure 3.13 200-square mile area. This map is related to
shows the depth in inches of the I-hour point the upper part of the diagram of Figure 3.14
rainfa l l  which would be equalled or exceeded in that the 30-inch line on the map corre-
on the average once iii 10 years. These fi gures sponds to the 2-1-hour 200-square mile point in
arc both adapted from \Veather Bureau Techni- t h e  diagram.
ca l Paper No. 40, Rainfal l  F -equency Atlas of The probable m a x i m u m  precip itat ion in win-
th e  United States . t er t im e  is al)out two-thirds the inaxunum which

Figure 3.14 introduces the concept of area in occuo’s in stimmer. Si m i lar l y, the ra in fa l l  for a
rainfal l  extremes. The lowet- portion of this g iven ( lu ra t io l l  and frequency has lower values
figure gives the 100-year ra infal l  for a centrall y ii i  win ter  than in summer , wi th  the seasonal

‘1 located point it s the Southeast River Basins fot- contrast being more marked t h a n  for the 1)101) -
areas up to 500 square miles and for durations able maximum.
of 1, 6, and 24 hours. Probable maximum l)rec ip ioation is extra-

The upper part of Fi gure 3.1- 1 gives values of })Olatc ( 1 from great storms of record , which , in
the probable max imum ra infa l l  for areas up to ~l ( l ( l i t iOt l  to st ieamnl lo w data , aid in determining
1,000 square miles and for dura t ions  of 6 to 48 ( ‘r iteria for sp i l iwa) design. Three great histori-
hours for a centt -a l lv  located P oint it s the South- cal storms ate noteworth y in describing the h~--
east River Basin s . The effec t of area seems to he (Irology of the Southeast River Basins.
greater for the probable maximum storm than The March 192~l storns , in which 20 inches
for storms of 100-year i-eturn period. The prob- fell  over 2 ,000 square miles in 48 hours , is one
able maximum storm is storm-centered , but the of the largest that evet- x-cuo’red on the North
area-fre quency relationshi p is not and , accord- .-~n 1er icaii Cont in et it .  This sooi ’tn centered in
ing ly, is less steep. Th e  probable maximum southeast Alabama and could recur anywhere iii
storm is four or five t u nes as large as the 100- t h e  Southeast River Basins.
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The September 1929 storm , centered in east- These three storms are mentioned here to
em Georgia , produce d an average depth of 15 give an indication of the storm p otent ia l i t y  in
inches of rainfall in 48 hours over an area of the Southeast Riv er  Basins , both as to total  mag-

• 2 ,000 square miles. This storm was followed in ni tu de all (l as to possible sequence of large
1 days by another nearl y as go-eat over the same storms. These storms caused severe Ilooding over

- area.’ much of the Southeast River Basins.

SECTION III — FLOODS

Rainfall-Runoff Relations slower evaporation and t ranspi ra t ion  loss from
t h e  soil. According l y, th e same amount of rain

The physical product ion of floods may be pt-o ltices a greater runoff volume in late win te r
represe nted by a grap hical proce dmire which is t h an in summer.
used for forecasting and for es t imat ing  hypo- The dashed lines on Figure 3.16 show the
thet ical  floods. An examp le of part of such a use of this diagram for two hypothetical exam-
procedure is given on Fi gw-c 3.16. Here the fac- pies , one for Jul y and one for late October,
rors which determine the volume of runoff arc each having the same antecedent precipitation
seen to be antecedent preci pit ation , t ime of year , and the same storm rainfall .  This type of rain-
and storm ra in fa l l .  In this examp le , the ante- fall-runoff relationshi p is used by the Weather
cedent preci p itation index is a measure of ante- Bure s for forecasting streamfiow in the South-
cedent rainfal l , taking into account the dimin. east River Basins area. The degree to which
ishing effect of antecedent ra in fa l l  with in- the choice of variables and the manner of corn-
creased time between it and the storm ra infa l l .  bin ing them accuratel y portrays flood runoff is
1 he greater and more recent the antecedent ra in-  indicated by the fact that , with historical data ,
fa l l , the wetter the soil at id the greater the pro- the error is less than 0.15 inches runoff two-
l)~ rti ~ n of runoff from a given r ai l i s lorn i .  thirds of the time.

The effectiveness of antecedent rain is differ-  ~ ltr ’ r t tie vol mont e ti i t i t s o l l  l i a .  l)CCIl e s t imated ,
ent at d i f ferent  limes of ~v ; oI . In late  win tel -  and it is ( l i s t i - ibu t (- d ott  a t u l l e  .5 ( alt  1)5 iliCalls 1)1 an
earl y spring,  the soil s i o s  wet much longer alter e t o o p u o  i i l l s  ik- fin ed or s s m l l ! f l - l i t  u n i t  h~-doograp hi
a ra in  t i t an  it does in s l i l o i l n e r  I nut -  Ix-catise of to produce th e  i o i i w f l  l o s d o  ugrap hi .
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RUNOFF WI INCHES
Fi gure 3.16 Rain fa l l -Runof f  Relationship.

After the runoff hvdrograp h has been esti- ava ilable onl y for drainage areas of about 500
ma ted from r a i n f a l l  for headwater areas , the square miles or mooe. On these areas , t he exist-
flow is routed and combined wi th  t r ibutary  flow ing conibined effects of vegetation , soil , and geol—
for est imating floods downstream. ogy base been expressed in the form of graphs

such as Fi gure 3i6. The effects are empiricall y
define( 1 anti vt-rifled as rela t is-el y pe rmanentFlood Volumes . - -characteristics of a large drainage atea . In the

Fl ood magnitudes are u s u a l l y  expresse(i in eastern I T i l i te t l States , on areas of 500 square
ter ms of peak rates of flow as exem p lified in mil es or more . net ch:~nges in land anti water
p art s  of Table 3 1 .  Later in this Section . gen- use have  had too l i t t l e  inf luence  on the ra in fa l l -
erali,t-d information on flood peak inagtiitu des runoff t h a t  at u-I st i t s  to be evidenced in the gra-
wi ll  be presented and (Iu sctisscd . In p lann ing  for pliica l model. Fi gure 3.17 shitws a simp lified
strucmt ires to store floodwater , it is necessary expression of average it i t s o f f  from 100-year . 2 -1-
to est imate not t o m i l y  pt-ak rates of flow but also hour  r a in f a l l , ave rage atiu-cedent r a i n f a l l . at id
the volume of floodwater tha t  must he stored s -a iR spr ing rut3off sc~,so t m .  for g( -n era lun -t i 1 ,000-
to he released at v ar ious  ra t e s  of out flow . sq h a t  c mile drainage i t t - a s  This fi gure does 0101

The centr a l problem in es t imat ing  fl otxl s-oh- inc l t it lc  the t e h a t  is els small base-Ilow component
nones for broad regional 11 l2t 01n ii ig is tha t  of 0) 1 total  flood flow. For smaller areas and longer-
genera lu , ing io ) r ungaged areas. i lie generalii a- dura t ion  s t o it f l s . th e values gi ven it s Figure 3.17
tion should ;u cu t o u t  for t lie effects of p ert inem it would he larger t h a n  they arc.
ph ysical par amet ers and should he exp tcssecl in ~ sc(-ottt i approach , prc~ iou sl y used for drain-
tel-m s  of fre qt it -mn -y an ti  d t i r a t  ion. Several ap- .t gt , a m e o s  top to about I S square miles on the
1t t o ~~ l i t s  a l t -  avai lable  and have been mi st-ti in St i l t  b o o s t  R iv e t  B. is i t i s . is the I I  S Soil Conser-
various expedient mat ine t s  for p lanning .  s ot i on  S e m v l (  c t o m v c - n m o m h e r  method , in which

One approach is th ro u gh stu h re la t ionsh i p s  t n ) l ) h I is is  is given t o agr icul tural  knowled ge in
as given on Fi gure 3 111. l h e se relat ionshi ps are osse s ing t h e  effects of different soils , land use,
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and vegetative cover on the rainfall-runoff rela- ~ ~ 
- -

t ionship. In practice , the U. S. Soil Conservation ~~ ~ 
SC~

Serv ice flood prevention dams in this region 5

store about 5 inches average depth of runoff
from the drainage area. AL A GA 4

A third approach is interpolation among
sparse data alread y available for nearb y sites 4
where it is believed that the physical condition s 4
of the soil , vegetat i ots , and geology are con-
sistent.

A four th approach , commonly used by the
Corps of Engineers , uses an estimated infil tration -- ALA . GA . )index determined by the difference between ob- 6 FLA 

- GA
served rainfall and runoff for prototype drain- - ru.
age areas.

Ideall y, available gaging station data could 
6

be anal yzed statisticall y on a duration-frequency- 4

volume basis to provide a wider base for such
interpolation than is now available. Having this , 

-
- - - Figure 3.17 Genera lozed Runoff  Volumes f rom 100 - Year,a systemattc anal ysis of the ph~ so c aI factors would 24-Hour Rainfall , Average Depth in Inches.

provide for obj ective estimates for ungaged areas
where measures of the pertinent ph ysical factors i(la , in Figure 3.18. Both the rain and the
can readil y be incorporated. This would be a flood resulting from it are shown in total inches
tremendous job. and inches per day, average depth over the drain-

For flood volumes the impor tant itsfluence of age as-ea. The runoff is given also in cubic feet
rluration mult i plies the magnitude of the j ob per second. The rrtnoff values were estimated by
in requiring a search of the record for maximum rating curve extensions. This was an outstanding
10-day, 30-day, ann other durations of runoff for flood and shows a typ ical relationshi p between
each year. By contrast , the anal ysis ann generah i- a flood-producing storm and the resultin g run-
zation of flood-peak (lata ins-olves , usual l y , al- off , in this case with a 3-day lag between the
read y published va lotes of annual  flood peaks. rain peak and the flood peak and a spreading
The Corps of Eng ineers has marie a hel pful out of the runoff over a perioni of about 10 (lays.
start in anal yzing flood volume riata from 108 This flood of March 1929 is identified as the
gaging stations throughout the United States , greatest flood of s-ecord in the upper left diagram
of which S are in the Southeast River Basins of Fi gure 3.19 , which shows for four selected
and 6 more in adjoining areas. To complete
this job, data from many more stations should
be anal yzed statisticall y and then generalized
in terms of regional and physical parameters for -

PICIORS 0001ME D(PTh MAI~ ALLuse with ungaged sites. The U. S. Geological ,.g - Asow citoovius ~~i TOTAL
Survey has compiler! and is beginning to gen- -

- 
erahize large amounts of observed flood-volume
da ta. 

- 
- —In the absence of a reg i onal generalization , it -

has been necessary to use combinations of the -

approaches cited above.

Flood Peak Magnitudes ~~
,

The great rainstorm and flood of March 1929 ~ ~ ~ ~ tO 20 21 22 23 24 25
in southeastern Alabama are exemp lified for ~~~~ 12g

the Choctawhatchee basin above Caryvi lle , Flor- Fi gure 3.18 Rai,utorn o and Flood of Mar c/ i  192 ” .

3-29

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ ~~



-~- - - - —-~~~~~ —- -~~~--- - - , --~~~- - - - --—~~~ -~~~~~~ —— - - -

- 

DISTRIBUTION OF ANNUAL FLOOD PEAKS BY CALENDAR MONTH

___ 
- I 

___
‘C 

___

ifl hP iS4S -

~~~~~i~~~ ti
i s c - — - - -- -- — — -- - --i-- -- ~

020 ISiS 02*

lx - 4G — — — 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

— -

~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I F N A M I  J A  S O N D  I F M A M J  I A S O N D

CHOCTAWIIATCHEE RIVER AT CARYV1U.E, FlORIDA 192$ — 1951 OC$ItI.EEE RIVER AT MACOIl. GEORCIA 1910—1151

: ~~ :~~~~~~~~~~~~~~~~
:jj :

1$2I~~

~ 100~~~~L+~
_
~ ~ ~~~

‘C $
$2 122fl! 1K

1503 
— — —

~ ~ rno~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~

I 45~~~~~~~~~~~tir 
r—1 ~I F M A M  i i  A S O N O

-
~~~~~~

= 
— 

— 
SAVAMIAH RMR AT AUWST& GEORGiA 1114— 1151

: 

— — — — — — — — —

~~~~~ 

RtG~.ATtD ST CLARK Hill RESERVOS SlICE 1151

I F N A N I I A S  0 N 0

CIlATlAJIDocJin IMR AT WESTPOPIT, GEORGiA 1117-1151
IEGA.ATED ST IIURO NESERVOW SlICE 1RIL, 1951

Figure 319

3-SO

-—  _ _ _ _  -~~- - -~~~--~~~~_



p- ----
~

-- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

stream fiow station s , the magnitude ann calendar the peak flow of outstanding floods of record
month of each annual ftoonl of recornl—the an- in and near the Southeast River Basins, and
nual flood being the greatest peak flow for each their respective drainage areas. The Choctawhat-
water year. The maximum flood for each tnonth chee River at Caryvi lle , whose record flood of
is identifie ni by year of occurrence. This fi gure March 1929 has been cited earlier , is identified
and others which have been prepared , but not as Point No. 15 in this figure. Table 3.2 lists
pniblished , show that , while floods can and rio the number , stat ion , and date of fl oods shown
occur at any time of year , they, like average on Figure 3.20. The M yers and Creager Lines
monthl y flows , tend to be concentrated in the were used for generalized sp ihl way criteria which
winter and earl y spring, are discussed more full y in Part Five , Section

Figure 3.20 shows the relationship between IV—Spiliwa y Criteria.
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Figure 320 Extreme Floods of Record.

TABLE 3.2
Extreme Floods of Record

No.’ Stream and stat ion Date of fl ood

Panther Creek near Toccoa , Georgia June 16 , 1949
2 Seneca River near Anderson , South Carolina August 17 , 1928
3 Savannah River near Calhoun Falls , S. C. August 13 , 1940
4 Little River near Lincolnton , (;eorgia September 28 , 1929
5 Savannah River at Augusta , Georgia October 3, 1929
6 Ogeechee River at Louisville , Georg ia October 1929

(continuenl )
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TABLE 3.2—Continued

No. ’ Stream and stat ion Date of flood 
—

7 Ocmul gee River near Jackson , Georgia December I I , 1919
8 Oconee RIV CL near Greensboro , Georg ia August 26, 1908
9 Altamaha River at Doctortown , Georg ia january 23, 1925

10 Wildcat Creek near Lawret iceville , Georg ia May 6, 1956
i i  Tired Creek near Cairo , Georgia April 1, 1948
12 Chattahoochee River at West Point, Georg ia December 10, 1919
13 Ch attahoochee River at Columbus , Georg i a March 15 , 1929
1-1 Apalachicola River at Chattahoochee , Florida March 20, 1929
15 Choctawhatchee River at Caryville , Florida March 17 , 1929
16 Choctawhatchee River near Bruce, Florida March 1929
17 Murder Creek near Evergreen , Alabama March 16 , 1938
18 Escambia Creek at Flomaton , Alabama September 27 , 1939
19 Escambia River near Century, Florida March 1929
20 Pine Barren Creek near Barth , Flo rida April 14, 1955
2! South River at At lanta , Georgia February 25, 1961
22 Oconee River at Milledgeville , Georgia February 25 , 196 1
23 Dog River near Douglasvil le , Georgia February 25, 196 1
24 Camp River near Fayetteville , Georgia February 25 , 196 1
25 Morgan Creek near Chapel Hill , North Carolina August 4, 1924
26 Linville River at Branch , North Carolina August 13, 1940
27 Yadkin River at Wilkesboro , North Carolina August 14 , 1940
28 Rock y River near Nc,rwood, North Carolina September 18, 1945
Numbers refer to numbers in Figure 3 20.

SECTION IV - DROUTHS AND LOW FLOWS
Low Flows and Storage the severity of the 1954 drouth, using as the

The narrow portions of the lines of Figure examp le the dail y flows of the Ochlockonee
3.1 show the lowest calendar-month streamfiow River near Havana , Florida , for the period Apri l
during the 1937-55 period. Figure 3.21 illustrates 1954 through January 1955.
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Figure 3.21 I l i rool  1 -  F l oss is/ O (/ , l o r k of l (r  I l is  s r  at I l a s- a na , Florida.
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Note that the dischar ge scale i s logarithmic and Estimates have been made of the 10-year , 7’
that the October flow it) 195-I was about 1/25 day low (lows for a number of sample stations ,
the avera ge flow for th~ calendar m outh.  ann generalized draft-storage re lationshi ps have

It i s well known that the essential pr oblem been Pre Pare d for an estimated 10-year return
and opp ortunity of flow regulation is storing period. Figum-e 3.24 is the set of draft-storage re-
excess flows for release dtt r ing times of other- lat ionshi ps, and the map of Fi gure 3.25 shows
w ise deficient flow. 1-tow to accomp lish this in the eight basins and three water-storage ar eas
a ptiys iumll ~ feasible and economical manner is required for use of Figure 3.24. Areas D and E
t he essence of surface-water resource p lanning. of the map of Figure 3.25 are excluded from the
fla r in g  nleuined the needs for water , it is hel pful  generalized system of curves on Figure 3.24 be-
t o employ grap hical methods for relatin g the cause of sinkholes and other local phenomena.
required amount of storage to the low-flow cx- In general , min imum flows occur in autumn.
perie nce of gi ven streams. Recallin g the spars ity No attempt was made to evaltta t e the incidence
of data , as shown on the ma!) of Figure 3.2, it of low flows for other times of the year.
has been possible nevertheless to generalize a In addit ion to the values of low flows given
procedure for estimating storage requirements in in Table 3.1 and the draft-storage curves , it is
the stud y area. hel pful to examine the flow-duration curves of

Figures 3.22 an(l 3.23 show draft- stora ge re la- Figure 3.28. These four curves typ if y the flow
tionshi ps prepa red by the U. S. Geological Sur- regime in the physiographic provinces repre-
vey for the Pienlmont and Bltte Ridge, and the senterl by the stations shown.
Coastal Plain provinces , respecti vel y, in standard The effe ct of storage may be shown by two
measure of storage and flow per square mile of such curves for the same po int , one with and
drai nage area for the 1954 drouth , using the one with ot i t stora ge. An example is given in
ani di t ional  parameter of minimum flow during Figure 3.27 in which the flow of the Savannah

1954. To use these diagrams, it is necessary to at Augusta , Georgia , is shown for the periods
before and after construction of Clark Hill Res-decide what minimum flow or draft is required , -ervoir.

enter the app ro priate diagram with the observed
or estimated mini m um flow of 1954 , and deter- Soil Moisture
mi ne the inter polated va lite of required storage During a year of average total rainfall , there
from the curved lines in the diagram. In Table are u suall y period s of several da ys duration be-
3.1 , the median and extreme annual low flows tween rains when soil moisture gets so low that
are given for about 160 gaging stations. pastuie gtasses and small crops tend to wilt.
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Aug usta , With and Without Storage .

Over most of the Southeast River Basins , it has average depth over the ground. The foregoing
been estimated that  this soil moisture deficiency is based on reasonable assumptions as to uniform
can be overcome by properl y t imed app licati on soil characteristics , empirical weather data , and
of a total of 6 in -hes of supp lemental irri gation, widel y accepted m~-sethods for estimating evapo-
One year in ten , the amount of supp lemental t ranspirat ion from vegetated land areas. Maps
irr igat i on re qttire d is tO inches over much of similar to Figure 3.26 could be prepared and
the Southeast River Basins. The map of Figure irri gation requirements determined for various
3.26 , after Van Bavel , portrays the regional pat- land use and soil types and for a ran ge of ft -c-
tern of soil moistute deficit equalled or exceeded qucncies for any place in the Southeast River
on the average of one )-ear in ten in inches of Basins.

SECTION V - EVAPOTRANSPIRATION

I t i s necessary in this discussion to distinguish proper considerati oti of observed pan data and
not onl y between eva poration and trans p iration , of m eteorolog ical fact ors involved in the cx-
but also among pan evaporation , lake evapora- change of watc -r vapor and heat , generalized
tion , average trans p irat ion , and transp ira t ion for maps of mean a n n u a l  lake evaporation have be-
a given season or other period. Pan evaporation tome possible. Sut h 1 map showing average an-
is rather widel y observed , bt lt  its relation to nu a l  lake evaporation for the period 19-15-55
lake evaporation i- , not as sunp le it s had been for the Southeast Rivet -  Basins is g iven on Fi gure
thoug ht iii earl ier  \E - a t - s. The (li ffere nc e in heat ~1 2 ~J , ft-out Weather !%ItIc au Technical Pa per
storage and other  fan-tors lca(ls to pan n-o( -ffic icnts N I . . ’~ 7 .  I - .~ ‘uf mOl (w i t  1 % I U / J S  f ~ v (i i  / i z i l t - d  S/a les .

which vary seasonall y and in other ways. By l.~ke ( ‘va ~u ) t  a non S at It’ s app t  (~ i al ) l~ from y e ar
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Figure 329 Average Annual  Lake Ez ’I. boration . Inc hes Figure 330 Rainfa l l  Minus Lake Evaporation , Inc hes
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to year. For about two-third s of the years , the 40 along both coasts.
evaporation is wi thin  10 percent of the mean. One of the reasons for est imating lake evapo-
Nineteen years out of 20 are wi th in  20 percent ration is the need to consider net reservoir evapo-
of the mean. ration in planning wa ter ava i lab i l i ty .  Net

For a natural  land surface , it is practicall y reservoir evaporation is the difference between
imp ossible to separate evapotation from trans- evaporation from the reservoir surface and the
p irati on; therefore , they are combined as evapo- ET that  would occur from the natu t -al  land
transp irat ion (ET) - surface which would be, or is , occup ied by the

Mean annual  ET, conceptuall y, is a residual , reservoir. The map of Fi gure 3,30 , rainfall  minus
the difference between rainfall  and runoff , with evaporation , has been used in making estimates
allowance for interbasin ground water exchange of net reservoir evaporation in the Sotttheast
which in most terrane is believed to be rela- River Basins , and the values shown there were
li vel y small. Ground water recharge is balanced subtracted from estimated runoff from the icser-
by pump ing, natura l  contributions fi-om ground voir area for con(lition s prior to construction
to surface flow , and subterranean flow into the of the reservoir . This is discussed in more detai l
ocean, Practicall y, to prepare a map of mean in Part Four , Section V.
annua l  ET , a detailed map of mean annual  rain- Inasmuch as most i-cservoii-s have an area
fal l  is t 1cccs~arv . also a detailed map of mean which is a small fraction of the total  drainage
annual  runoff.  .-~s shown by the map on Figure area , net reservoir evaporation can be neglected
3.2. there are gaps in tile runoff data which in many instances in the Southeast River  Basins
make a map showing isolines of i-unof l difficult  except in extended d iouth  peri ods. These losses
to prepare. II a map of mean annua l  ET were would be well wi th in  the cr 1-or of es t ima t ing
to be drawn , its generalized values would range runoff for utigaged areas , ot- esti m a t i n g  seepage,
from about 30 inches in the mountains to about or other losses.
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SECTION VI - WATER QUALITY
The U. S. Public Health Service report of water data are within  the range of 6.0 to 8,0.

1961 to the U. S. Stud y Commission , “Water In the Lower Coastal P lain , wate r in the
Q ua l i ty  Basic Data , Southeast Ri ver Basins ,” streams is typ icall y dark from tann ins  of vegeta-
contains deta iled information on water quality. Live origin. In the tidal estuaries , over an average
To summarize , some general statements are distance of as much as 20 miles from the mouth
m ade here as to hardness, color , temperature, of many streams , the t idal  action , Par t icular l Y
susp en d ed seditisent load , ant i  f )~ l lu t i o rs  \~

Tater at times of low flow , produces an appreciable
qual i t y  (lata of all kinds are sparse and scattere(l. degt-ee of sal ini ty in the surface water.

Hard ness, in equiv a lent  CaCO:1, of %vater in The nat u ra l  temperature in large streams is
streams i n the alea is generall y less than 50 near the average monthl y ai r temperature; the
parts per tni l l ion , rang ing from less than 10 mixing and heat storage of the large amount of
over large am eas to mot e than 100 for certain water dampens out clay-to-day fluctua t ions . in
smaller areas. Water in streams throug hout the smaller streams , clay-to-day fluctuations in water
United States is generall y much harder , averag- temperature are observed and in the smallest
ing about 300 parts per mil lion. Differences in sti-eams , hour- to -hour variations in temperature
hard ness are influenced by the amount of water are evident , wi th  the (lail y ra nge of temperature
anti duration of its contact with various types being nearl y as great as for the nearb y air.
of minerals. Hard ness of ground water at any Stream temperat ttres are affected by certain types
one location may vary with depth. Hardness of of reservoir operation and by return flow of
water in streams varies with size and rate of water diverted for condenser cooling and similar
flow of the stream and with differences in local purposes. Ice is rare in streams and lakes in
geology, the Southeast River Basins , even in much of the

The total hardness of ground water is given mountain region.
in Table 3.3, based on 500 individual and The concentration of suspended sediment in
average sets of data , taken at various brief Piedmont anti Blue Rid ge streams probabl y
period s at different sites, averages 100 to 1,000 parts per million or more

The natt iral acidity or alkal ini ty  of the sur- anti in the Coastal Plain 10 to 100 parts per
face water and ground water of the entire South- mi llion. These estimates are based on very
east River Basins , as expressed on the pH scale , spat-se data , -\verages of sparse sediment load
is very nearl y 7.0 , neutral.  Ninety-t wo percent data may be misleading because the load varies
of the surface data and 81 percent of the ground so greatl y with the rate of I1o~s- and with vary ing

local conditions. No beciload data have been
found for the stud y area. Turbidity of major

TABLE 3.3 Pied mont streams observed at intakes of several
Hardness of Ground Wafer Georgia waterw orks }) lant s has declined mark-

(parts per million of equivalent CaCOo) edly during the period 1940 to 1960 and in 1960
averaged about 40 part s per million.Basin Average Range within which

two-thirds of the In general , the temp erature of water taken
data occur from the ground is about the satne as ti le mean

Savannah 45 20 tO 130 annual  air  temperature. Exceptions are water
Ogeechee - 80 50 to 120 from very shallow wells or from very small
Al tamaha 60 30 to 130 springs , in which the water  temperature varies
Satill a- St. Marys - - - 200 120 to 400 sea sonall y. and a few warm or hot springs , some
Suwannee - - 170 120 to 250 of which are well known. The tetuperature of
Och lockonee - 180 120 to 300 tllost of the ground water ranges front 6-1 to 69
i~palachico la- in the Coastal l ’lain and sli ghtl y coolc i north

(Thattah oochee -F lint 60 25 to 130 of the Fall Line wi th  values below 60 itS the
Choct awhat  thee- n lutt nt ain s.

Perdido 100 20 to 160 - [‘here is an increas ing i t t i i t th e i  of stt  c an t
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le acll(~ in t he stud ~ area i i i  sshich Pollution is increasing pO l) t l lati ofl and industr ial  develop-
becomnit sg a serious prob leni. It s the P~1St , i-c Ia- ment and liaiiges in st ican iuiow reg i m e  due IC)

t i s -el y low was te loadings , together wi th  usu all y th e (1l)et-~1ti ( 1m1 of var ious seater resource des-elop-
amp le floss’s and go()(l waste assimilat ion charac- inents have resttlte d in the degradation of water

— teristics , have resulted in effective stieani re- t j t i a l i t ~ in some stl eamn s to t h e  point wiscie legiti—
cosery from most sources of pollution. However , fllate water uses have been curtailed.

SECTION VII - GROUND WATER

\‘Vafer-Bear ng Formaflons and rarely y ield more than 100 gallons per
mnit i t i te.  In the Cretaceous zone , immediatel y

In general , the area north of the Fall Line is sotttheast of the Fall Line , ~ ields fi-equ ently
one of drasticall y limited ground water sup~)l y range fron1 I ,000 to 2 ,000 gallons pet minu te .
because of its geology. The underl y ing rock is In the principal at te s i af l  aqu ifer , which under-
den se anti crystal l ine , anti water is available un iv  lies about three-fourths of the Coasta l Plain
in the thin soil mantle  and fracture zones of area , t here are many large springs anti wells
the rock itself . South of the Fall Line , deep sedi- which y ield s veral thousand gallons per m i n u t e .
mentary aquifers provide uni que and treinen- Large y ields are typ ical of th e other Coastal
cious sources of generall y good water. At 

~~~~~ 
Pl a it s aquifers , Part iettl arl y the Miocene and

along the coast , sa lt-water intrusion is a problem; l)~st-~ 1i0cene sant i aisti gravel beds near Pensa-
an d inland there are scattered places where cola, The approximate area l extent and geolog ic
sul fur , salinity,  or even poor y ield lim ts the age of these Coastal Plain aquifers  are shown
development. In the Coastal Plain province , on the map of Fi gure 3.31.
ground water generall y is a major source for The map of Fi gure 3,32 stipplements that of
es-ery kind of use, and it can be obtained nearl y Fi gure 3.3 1 in showing the major structural  fea-
everywhere by dr i l l ing a well and pump ing. tures of the Southeast River Basins and adj oining

In the Piedmont and Blue Rid ge provinces , area wi th  respect to ground water  geology . It
typ ical wells y ield 5 to 25 gallons per minute  hel ps exp lain the direction of na tu ra l  flow of

ground svate t and shows the Ocala-Peninsula
up lift.

Figure 3.33 shows a simplifI ed cross-section of

- .,.— the Coastal Plain s tructure along the At lan t ic
GA I 

Sc coast an(i the m ovement of water throug h the

_______ -- principal artesian aquifer. Si ini l a i l v , F’igure 3.31
‘~~“ ‘““ ~‘ ‘°~~ ‘~~~ 

.. - 
. ‘ shows a cross-section of the sand and gravel

ALA.’GA 
aquifer of \Iiocene age near Pensacola , These

Uliluillul • - ,  t wo cross-sectiotss are ty pi ( a l .  Figure 3.34 is
- 

i adapted ft-mu Florida Geolog i a ! Stuv ey lnfor-
tuation Circular No, 30: Mtis g m ove . R. i-I.; Barra —

- I 
- - 

I d o u g h , J . 1’.; and Marsh , Owen T.; 1961; m i t  led
_-. ‘. ‘‘ In te r im Report on \Vat er  Resoum 1 (‘S of Escam-

- bia anti Santa Rosa Coti nt j es. Flo rida . ” l - x  ( ‘lit
- for a few small , in land p o k ct s (>1 poor qua l i ty

- ~ gi otind w a t er  and s a l t -wa t e t  i l l t I t i s i o f l  i~cai t it e
~,

. 
~ç . A. — . ~ ~ . coast , amp le grottnd wat er t an  be obtained

~~~~~~~~~~~~ 

.~ I near ly  anywhere in the Coastal P l a i i i  - ‘mi exami-
- 

— 
na t ion  of well da ta  ( lj s ( lose ( i  t h a t  it is rarel )-

\~~~ ‘
~.,Y - - necessary to go deeper than  700 feet to find a

- large supp l y of a t - te s ian  waler;  tha t  i i i  about 95
pcrceiit of the wells , w ater  rises to w i t h i n  100

Fi gure 3.5! Aqui fe r s  Below the Fall l i n , - . feet of the gIouil ( l  smi rfa c: and tha t  in about 25
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TABLE 3.4
Flow of Springs from the Principal Artesian Aquifer

- - 
(See accompany ing location map, Figure 3.35)

No. State County Name Floe

MIliton gal lons Cubic led
per day per second

1 Florida Colitnil,ja li ’h (-t iii’kntt- 157 to 302 243 to - t ( i 7
‘2 ‘ Dixie Big (‘y press 8 12.4
3 “ “ Cooper t2 18.8
4 ‘‘ Little (‘ooper 1 - 3 2
5 “ Gilchri st h art 38 to 40 58.0 to 62~
6 1 I ’ Lumber (‘atop 1 ¶1 3
7 “ Otter  3. 5 5 .4
8 “ Rock Bluff 27 42 .1
9 “ Hamilton White 23 to 46 36.2  to 72

10 Holmes (‘on ce di’ Leon (2  to t3 18.l to  20 .7
11 Jackso n Blue 56 to 179 86.4 to 277
12 l Jefferson Wacissa 65+ 100.8+
13 ‘ LaFayette Morrison 33 51.6
14 Tra y 36 to 96 55.2 to 149
15 Leon Natural Brid ge 74 to 85 I 15 to 132
16 “ “ Rhode 45 67
17 Levy Fannin 70 to 88 109 to 137
18 Manatee 88 to 141 137 to 218
19 ‘‘ \ l a i l i s n Blue 94 145
20 “ Pettis 0.1 0.15
2 1 ‘‘ Suwanoocltee 19 29 .6
22 “ Suwatinee Branford 6.8 10.6
23 “ “ ( ‘har k’s 6 . 1  to  24 9 .4  to 36.8
24 “ Ellaville 27 4 1 .2
25 Falmo u th 36 to 2:36 Sti . 6 to 365
26 “ Suwannee 3.9 to 28 6. 1  to 44
27 I i  Telford 24 37
28 “ Waku l la  River Sink 115 178
29 ‘ ‘  ‘ W’akulla 181 283
30 ‘ Walton Morrison 57 to 78 89 to 12 1
31 Washing ton Beckton 32 49
32 “ Blue 2O to 34 31.6 to 52 . 5

(‘yprt ’ss ss 84.9
34 Georg ia Baker Blue - - - -

35 “ ‘ Lester - .

36 “ Brooks Blue or Wade (5 23.2 1
37 ‘ ‘  Mi ’ l t t tv r i ’  30 46 .42
38 Burke Davis - - -
39 “ (‘i x  - .

40 ‘ (‘risp (‘ordele Town - - -

41 ‘ Decat u r Russell - - -

42 ‘ Blue - - -

43 Doughe rty Itaditi n i  (Blue ) 2 .6 to 87 4 to 135
44 ‘‘ Jenk ins Magnolia several - -

45 Laurens \\ (‘ll - -

4(3 “ Rock - - -

47 ‘ Wilkes -

48 .1 Thstt id ering -

49 L ov i - t t  . -

SI) I’ulask i ~b 1l ) ck 6 ¶1 .28
SI ‘‘ lOin ’ 3 4 .64
52 1 I la w ki , t sv i l l i ’  3 -I - (34
s:t ‘‘ \~‘i leox l’oor Ilo l i i i  - -t .62

- Al)1a’V ill(’ :sl incr a l -

5,_i ‘‘ I )‘~i-u  i r I s - i -  (2 l~~. 57
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Per(eIlt of the svi ’lls , ar t esi ati pressure brings the ~.c _ 
~~~water ( ( I  ait  elevation hi gher tit an the ground GA .‘

SLI t  face .
Table 3.-I list s the flow of selected maj or

spr ings from the pr iticip al artesian aquifer  anti ALA , GA
illiuicates the tu in i r t l um sustaine(l flow. Fi gure , 160
3,35 shoss’s the locations of the spr ings listed in ‘ 

120
T,tble 3.4, 

I

The pu m ping of watet from the ground re- ‘ 
- 2~

duces the d epth or l ressul-c of t h e  water near ,J ~ 200 
200 ~ 0

the we ’ll. The iri a~ ~ Figu re 3.36 i l lus t r ates  th is  1 ,~~
‘ 

~
- - - . 

- - . . . - - - - 
,— -- 160 20

effect iot t h e  pr ini ip al  ar tes ian a 1tiif et - lot the ~~~_//  — - -
- . - - - , —‘  - ALA . GA. 40Sout heast Rtver Basins. ‘The lines on th i s  m a p  ~ -“ 1 LA ~ - ~ 40

define the piezometric surface , the hei ght above “ _
~~~~ - 

- 
T FL A V ~ 

40

sea level to which water would rise in wells , 
~~ 60 40 ~\%‘here this sut face is above the ground level , 20

wells flow w i thoL it l)L 1fl 1l)i ng. The cIa ta on this ‘ 
. 40

fl1

~
l) were generalized front d i f fe ren t  s tudies and 

20
from different years so it  shows a cotnposite ic- . . . - - . - -L - . - I ’igurc 3.36 Genera h:ed !‘tew,?le’t,- ic S u r f a c e  of  Pr :n c i/ ia lcent p icture but does not give a precise pattern Artesi an .‘h/ u il e ;  ( fr e t  above mean sea level). —

th at could be used for design , or to show trends
-~ - in comparison wi th  s imilar  maps of earlier or

later  years,
There ai-e about 150 observation wells in the

puta t i ons  is tha t  th is  m t t (h  and mot e could beSotttheast River Basins whose data  are publ is h ed . -
. - . . . w i t  h drawn safel y. Ac(oiiling to t l t e  s tu dy , asant sua l l y in U. S. Geological Survey pt ibl icat ions , . ,  . . 

-
-

- reported by the U. S. (~eologual Survey in a\% ater Levels and Arte sian Pressures. About ‘ - -  ‘ 
- 

-
report prep~t redl for the L ~ t t id ’~ (,00i nlissiori .• h alf of these records started w i t h i n  a year or - .  . - 

- 
- - -‘‘The \ ield of Sedimentat  A qui f ers  of theso of 19-10 and most of the rest more recentl y. . , . -

Coastal Plain , Southeas t  River  Basins , a sos-
. • ta m ed y ield of 2-I b i l l ion  gallons p1~’r day couldSustained Yield of around Water be laken from the ground without depleting

The present withdrawal  of ground water in the source faster  than i t  au  f low to the wells
the Southeast River Basins is a l i t t le  less than or be rep lenished by ra infa l l .  This sustained
I billion gallons per day. This is equiva lent  to y ield is about 10 t imes the est imated needs for
about one-fourth inch average (lepth pet’ year the year 2000, By reuse and ar t i f ic ia l  ie harge
over the ent ire  Southeast River Basins area. of ground water , the possible a v a i l a b i l i t )  could
Projected needs for well water by the year 2000 he increased f a r  beyond t h e  2-I b i l l ion  g:t l ions
amount to somewhere between 2 and 3 bi l l ion  given above. .-\lso , fo r isolat ed peri~~l s of a
gallons pci’ day.  This is less t i tan  an inch average yeai ’ or two , w i thdrawal  t a l e s  ui1 t i (h hi gh er th a t i
depth over the Southeast River Basins each year . the su s ta inab le  average would be pOssil)le. FIx -
Sotne of it  would be returt ied af ter  use to the CC SSi V C ~ i ( ) t i t3 ( l  w a t er  w i thd rawa l s  would ( i c a t C
surface Water  supj) 1~- . -‘ qt ie .stion to be consider-ed local problems , i nc l t i d ing  di unin i shc t l  ava i l ab i l i t y
is whether  Ih i s  rate of w i thd rawa l  could be sos- of Certa i l i  S t I ’ L t ( ~~- S t i l ) l ) I i c s , and would utci  cssi-
ta m ed int lcf i n i t r ’ l~- . The answer , based on a tale  deeper wells in sonic a t c a s  w h c t c  steeper
recent special s t u d y  of as -a i l ab l e  meager data , gr adients  would be required iii oud er  io sus ta in
a review of thc l i t e r a t t u r e , and some rough coin- th e  hi gh y ields.
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SECTION VIII - PRESENT STORAGE AND REGULATION

In order to assess the need for futur e develop- TABLE 3.5
ment , i t is necessary to know not onl y the re- Water Areas in the Southeast River Basins
sottrce p otential , but a lso the present degree (thousands of acres)
of development. For examp le , it is help fu l  to ~~~~~~~~~~~~~~~~
know the present water at-ea for recreatt ()n and Baein Selected Farm Water ar~a _ -—

fishing and the 1 1’esent amount of storage and number reservoir s * ponds -- 

Total Per cent of
- ba4n area

regulation. — — - - - ——~~~ - - -———~~~~~~
—-- - — -- —

~~~~
- - - - —

Table 3.5 gives the au -ca of water bodies , in 1 127 11 212.5 3.1
th ousands of acres , in certain categories , as of 2 0 11 90.9 2.6
1960. 3 20 28 116 .5 L2

The total number of farm Ponds in 1960 is -
- -1 0 8 8~ .l 2.4

estimated t o be 33,000 wtth  an average size of
3.4 acies. The proj ected numbers for 1975 and 5 0 14 103.0 1.5
2000 are 55,000 and 90,000, respectivel y. 6 7 6 106.2 2.6

Table 3.6 gives storage data for selected 7 133 2-1 253.5 2.0
reservoirs as of 1960. Regti lat ion is given both 8 0 10 380.2 4.0
at the damsite and at t h e  mouth of the river - - — —

Total 287 112 1347.9 2.4 (avg~)because the effectivet sess of storage differs wi th  ~~~~~~~~
_ .~~~~~~~~ -__ -~~~~~ — - ____________ _______

dist ance downstream from the dam. • sec t a b t e  3.6.

TABLE 3.6
Storage Data for Selected Reservoirs

ttasln itesemoir Stream (‘ sable Surfac e Regulation In percent
number s(orage * area ol mean annual flow

(1 .000 lop or —— - -- — - -acrt--feet) po~.er pool A t si t e At itr eam
(1 .000 mouth
acres)

I I I : i r t n v l l  ‘~i iv ~i i ic Ii I -tOO S7 -IS 17
I (‘lark II  ill Savannah I .700 7t) 25 2
2 X i i i ’

:t ~~ i I -I l r  Oronee 2 ( 4  IS  ¶ 1 t
:t ,t:i - k’. n  1,akr I 1. l l ivll  Slii, :ils I ) : i i i i  ( b ’n iu l gis ’ 76 5 ._i I) - S
- l ‘s i , ’
5 Xi ii ’
6 I . s L-  ‘l’:iliiiii: Orh loi ’koiii ’i ’ 7)) 7 6 2
7 Lake l,a n i i ’r  l to for i i  1) auii )  ( ‘ h i a t t ~~t~ s-I s - - I .0-I)) 3M 6f1
7 l t a r t l i ’t t s  I”r rrv ( ‘h a t ) a }i i , a ’lii’i- 133 I i  3.0 t ) .  7
7 \Val t i ’ r I -

- ( ;l .lirg l . I- i  - ( i : 11 -5 L i n k
i i i  I ) : i i i i  I ( ‘lint t ahoorh i ’i ’  2lt )  4._i 3 I .3

7 .Jini Vt i i , i l r i i l f  I , a k -  Si-nuni b - ( ‘ I i a t t n l i o i i ’h,-v and l” l int 360 17 2 .2 2
7 I. : i k i ’  l tlai ’k sli , ’ :ir ( ‘

r ip  ( ‘ o t IT i t ~ - l ) ; i i i i  F l in t  3-I 7 I ) )  t ) . 2
S N o,’

* ~ I - . , - . n ,  , i ’-t u , t , - - ( i i . - I ’p t , . n  , i f l h , , iun  lrnw,t wn flflr sp: cI r - ,,, -r -I f r  It I
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PART FOUR - TRENDS AND
TECHNOLOGICAL DEVELOPMENTS

SECTION I — INTRODUCTION
In the plans for projects and programs in- approach to water resources planning.

volving use and management of water , it was There is evidence that  water supp ly can be
assumed that there would be no unp lanned conserved by suppression of evaporati on from
change in the regime of water availabilit y by reservoirs and that  the streamfiow regime is
the year 2000. This assumption was based on - affected by land management practices—both as
deliberate consideration of natural trends and to floods and as to low flows. In projecting a
of possible technological developments which plan to the year 2000, it is necessary to consider
could affect the supp ly of water. the foregoing influences on the availabil i t y of

A natural trend in rainfall would make irri ga- water.
tion more valuable or less valuable than at The projected increase in agricultural produc-
present , according to the direction of the trend. tion will  come from combining many activities ,
Floods might become more severe in the future— including greater use of pesticides and fertili ,er.
or less so. A trend in air temperature would It is necessary to considet- what effect this use
a ffect evapon-ansp iration losses and the type will have on ecol ogy and water qual i ty .
of crops or livestock to be grown. Short of ph ysical control of rainfall , improved

Weather modification must be distinguished forecasting would have important effects on the
from weather control , but consideration of either use of water. Perfect streamfiow forecasting
leads to the possibility of reducing the varia- would greatl y diminish the required magnitude
bi l ity of rainfall  and lessening the need to store of storage for flood control. Quant i ta t ive  rain -
excess streamflows or to provide water during fall forecasting would eliminate the waste of
drouths. If the cost of desalting sea water should water and damage to crops in inadvenentl ’~ irri-
become competit ive with the cost of other sources gat ing on the day before a heavy rain. Some con-
of water , including treatment and reuse of waste sideration must be given to trends in forecasting
water , profound changes would result in the that  can be expected by the year 2000.

SECTION II — NATURAL TRENDS

Temperature long-period variable star. Studies of these and
other theories are not conclu sIve, Thete is noEvidence of many kinds supports the growing ind i c a t ion  whether the Past trend is p~t~ of a

opinion tha t  there is a long term trend in air long cycle which may reverse at any t ime or
temperature. This trend , which has been a slig ht wlsetl~er it can saf ely be extended to the s-ear
increase, mostl y in wintertime , is evident in the 2000.
century long records of thermometers at bench- Recent evidence indicates that , while for the
mark stations—stations with min imum change 

~~~ century the ti -end has been iu p a degree or
in their exposure to the heat of growing cities so, t h e  trend of the past 20 years at some stations
or to other nonc l imatic influences. Glaciers are has been downward a fraction of a degree.
rece (hing generall y ; flora and fauna are migrat in g Inasmuch as both trends are s’et y sli ght , and
north of their usual l imits.  thei-e is no way of predicting a future course .

I t is suppose(l by sonic tha t  portions of the no accounl of a t emp eralure trench has been
northern hemisp here are s t i l l  emerg ing from tak en  in p l a n n i n g  fu l t i l e  act ion in conserving
the last ice age. It is possible tha t  the sun is a and develop ing hand and water u esotut-ces.
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Ra~nfaII Inasmtich as any trend is probabl y sli ght , and
reversible without prediction , the streamfiow re-

Rainfall is much more variable than tempera- gtme for the period ending in the year 2000 is
ture , and a long trench is (lifficu lt to discern.
There has been indication of a downward trend 

regarded as being the same as the historical re-
girne , subj ect onl y to artificial regulation such

in ra infal l  over the past century. There are as by storage and withdrawal.
supporting data and many plausible theories
but none of them are conclusive. There is no Sea Levelss’av of knowing whether the trend will continue
or change. Examination of the diagrams on There has been a well-defined and widel y ac-
Figure 2.3 may suggest trends in annual rainfall. cepted upward trend in sea level of about an

Inasmuch as these trends are very slight com- inch in 10 years. How much of this comes from
pared with the great year- to-year variation , and melting of large ice caps , subsidence of conti-
there is no satisfactory way of projec ting their nents , or even change in storage of ground water
course , the best esti m ate of future rainfall  is a and surface water is problematical. Inasmuch
continuation of the historical regime. a~ the trend appears to be small , unpredictable

and perhaps reversible , it has been ignored in
Sfreamflow planning to the year 2000. The effect of this

sli ght change in average sea level on navi gation ,
As a consequence of the downward trend in use of tidal lands , etc., is t r iv ia l  when compared

rainfall and the upward trend in temperature , with the uncertainties in the hei ght of storm
which would increase evaporation and transp ira- tides, 15 or 20 feet , caused by wind and pressure
tion , a downward trend in natural streamfiow associated with hurricanes.
mi ght be expected . Very few records of stream-
flow are long enough to show a long trend of Ground Waferany kind , particularl y with the very great year-
to-year variation which tends to obscure a long The trend in ground water stage and artesian
trend. The variability is so great and most pressure has been downward in much of the
periods of record so short that considerable stud y area such as in the vicinity of Savannah
stud y, including correlation with rainfall and and Brunswick , Georgia , and Fernandina , Flor- —

with data from long record streamfiow stations , ida , largel y and possibly entire ly because of
would be required before a satisfactory mean or withdrawals throug h wells. To separate and
trend can be established, evaluate natural trends in ground water stage

The usual occurrence of amp le water in most and artesian pressures and to project these trends
of the stud y area has made it unnecessary to from increased pumping would require more
determine precisel y the average supp ly of water. stud y than it was expedient to make.

SECTION III — ARTIFICIAL AUGMENTATION OF WATER SUPPLY

Weather Modification ing. However , experimental research in this field
is being undertaken.There is no question but that weather can be Modify ing the weather is vastl y different fi-om

modified artificiall y, whether it be condensation controlling it. It is difficult  to forecast the condi-
trails from aircraft , higher temperatures in big t ions necessary for successful seeding, to avoid
cities than in stirrounding countryside , or or- under or over seed ing and to assess the effects
chard heating. Studies of cloud seeding show 

~~ missing the target area. .-~n error in atten l l)te (l
that  in the %Vest , with proper conditions and with weather m odif icat ion could seriously affect the
the hel p of the mountains . restilts have been oh- cu t t i n g  of hay or conceivabl y worsen a flOod .

ta m ed which would be extremel y unlikel y by Because of uncertainty as to the degree (If
chance. In the East , where there is usuall y plenty control possible in the East , and the fact tha t
of rain , onl y a l i t t le  seeding has been done anti surer methods—such as storing water from wet
conclusive evidence of increasing rainfal l  is lack- periods , or pump ing it  from the ground—are
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feasible and relativel y economica l , the U. S. antici pated that desalting of sea water will not
Stud y Commission plan for the Southeast River be econom ical in the period ending in the year
Basins disregards any possible effect of weather 2000 in an area as rich in natural fresh water as
modification. the Southeast River Basins. It would probabl y

be easier and more economica l to treat and
Desalthig of Sea Water reu se fresh water .

Recent experiments have shown the physical 
Conclusionpossibility of large scale desalting of sea water.

Cost studies , however, have shown that such The stud y area is endowed with both a mild
water is more expensive than pump ing water climate and generall y plentiful water , and con-
from wells or taking it from reservoirs or regu- ventional methods of water management are
lated rivers ir regions of amp le supp ly. Such more economical and more practicable than
practical prob lems as pump ing the water from other methods. The Southeast River Basins
the se-a to other points of use, what to do with probabl )- is-ill  be one of the last regions in the
the minerals to prevent scale , and how to dis- Nation where unconventional methods of aug-
pose of concentrated saline waste , persist. It is tnentin g water supp ly will be necessary.

SECTION IV - CONSERVATION OF EXISTING SUPPLY

Evaporation Suppression rated or otherwise consumed. Consumptive use
of water means its transp iration , evaporation ,Recent experiments have shown the physical -or incorporation int o a product of some sort—feasibility of greatl y reducing evaporation by the latter usuall y being neg li gible in totalmeans of a thin film of one of the s-arious insolu- -

ble kinds of waxy materials , such as hexade- quan t I ty .
Successive use of water involves questions ofcanol. In pans and small ponds , this material is qua l i t y  of water , conve ni en ce, and economics.very effectis-e. On large rese”voirs, the mainte - Considerations for recycling in clude costs ofnance of the film against was-es and other action

is costl y, anti the results are less effective though stoiage in the using s~stem , possible storage up-
str e am , tr eatment , and proportion of makeupthey could be economical in regions where water water. its some places in the United States ,is extremel y expensive. While such films have

been found harmless to fish and eventual water ground water recharge has been found to be

users , they might restrict recreational and other pr act i( able tiicl ecotmomical and in a sense may
be either reuse or recycling.uses of reservoirs .

Unless water is consumed , its wi thdraw ilWith water as plentifu l as it is in the South- merel y involves temporai-v or local restriction ineast River Basins , it seems unnecessary to plan its use for more than  one purpose , or the coston resorting to such drastic , uncertain , and costl y and inconvenience of convey ing it back to itsmethods for saving water, 
usual course , or restoring it to its original qual-
its - , Recycling tisuall y has l i t t le  effect on the totalReuse of Water consumption and , therefore, is unimportant  to

Reuse of water involves either recycling in a the total ava i l ab i l i t y  of water. The important
process, or successive use of the same water by process in total  ava i l ab i l i t y  of water is its con-
a series of users along a stream. To understand sumpt ive use.
the imp licatiot is of reuse of water it is necessary In agr icul ture ,  consumpt ive use is necessary:
to distinguish between withdrawal and consump- an( l the amot int  of water c i rcul at ing  throu g h
tive use, growing v egetation is usuall y several hundred

Withdrawal of water merel y means taking it limes (lie amount  actual l y incorporated in the
from its usual course and implies nothing as crop .
to its rettirn to the same course sooner or later , As has been shown in Part Tht-ee of this Ap-
its diversion to another course , or being es’apo- p endux , there is p lenty of water on the average.

4-3
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The onl y prolslem is its d is t r ibut ion in time voirs are opetated is a factor in water conserva-

~iiit l l)lzLce. As shioss ’ii in the basin append ixes (ion . Good operation l)romotes efficient water
there is co iu l ) e l i t i ( sn  for Wafti in only a few use and Pres’ei~ts waste th ua t is likel y to occur
areas. In oider to tit le o’~ei h)W l)t ’ii(xls it is ss’ ithi poor operation . Good operation will be
necessary to st Ot e  wa tt- i  lot soiiid’ list ’s , but in part ic i1arl~ i m portant in the Apalachicola-Chat -
general thi t ’tt’ s e t- i i t s  t I )  l Ie  l i t t l e  iiced to ,iii si cier tahoochee-Flint basins where a series of reservoirs
s hscclt thii t g for j ou st . s u c ( e s~ ivc ,  ui a l t e r n a t e  use ss’itJ t  locks are utilize d in develop ing the Chatt a-
of the saint- sca l e r .  ~u ( o u h t i s g ls . a s i t n I ~ of ic- hoochee Riser  for navi gation. To insure good
cycling and ?ci t s t ’  has be t -mm uhmin ) l I ( n  t a u t to the operat ion , a specialized staff of river control
planning of use of Av .Il e l .  N I I  ~‘~id~ h a s  been eng ineers is essential to establish dail y schedules.
m ade of ar t i f ic ia l  gi oui in l  w a t u l  ie haigt- in the Flie use of electronic computers , a relati s-eh y
Southeast River Basins , new aid in river forecasting, promises to ma-

teriall y improve resers -oir ol)erations and thus
Phreatophytes conserve wa ter.

Vegetation is the main tiser of water—in the
sense of consuming it , rather than  delay ing or Other Methods for Conserv ng Water
dispersing its ava i l a l ) i l i t y  for ot her uses, Phrea- Air-fin cooling, instead of cooling with  water ,
tophytes are deep rooted plants  th at  wi thdraw is regarded as a sas-itig of water , but using water
water from the water table or from the soil just for cooling is not necessaril y consumptive. Use
above it .  In arid reg ions they reduce the flow of of saline water for purposes such as cooling is
streams to a degree which has led to eradication a lso regarded as savi n g fresh water , but the
campaigns. In the Southeast River Basins the reason for using salu te water for cooling is
problems along vegetation-lined streams are ac- usuall y merel y the fact that  saline wat er  will  do,
cess, qual i ty ,  and habitat  more than quanti tat ive and frequentl y happens to be the kind at hand.
conservation of water. Because of the us tta l abund ance of water in the

Southeast River Basins , a stu dy of these and
Reservo ir Operations other watel--saving practices did not seem just i-

The manner in which multi ple-purpose reser- fled and was not made.

SECTION V - CHANGES IN THE HYDROLOGIC REGIME

Introduction plots and on a number of larger research water-
sheds , t hese factors reduce peaks of most floodsStorage and diversion of surface runoff for and , it s some cases , influence total runoff.any purpose affects the supp ly of water for other One factor is tha t  sm all areas differ signifi-

ptirposes. Pump ing and diversion of ground can t l y from large areas in the movement of sub-
water to screams after use may decrease stream- stir face water. The other factor is tha t  over a
flow in some places anti increase it in other lai-ge area—hO square miles or more—due to the
places. In soil conservation , efforts are made to diffi cult s- of control l ing land-management prac.
retard erosion by land t rea tment .  These anti t ices foi: ev al t ia t ion , the ie may be cotnpensating
other effects must be considered for coord inat ing changes in land use anti in cropp ing practices .
planning. The effects of land treatment measum-es on

large watersheds depend , in part , on the meas-
Land Treatment tires being considered. Measures in which stor-

Examp les of lati d treatment are changes in age of runoff is involved are readil y evaluated
land use from row crop to pasture , improved and their  effects arc recognized iii ~~~~~
stands of timber , controlled grazing, shift  from studies ot- reports on flood pres’ei~t ioms in large
Continuous cropping to rotation , anti provision watersheds. Measures its which in f i l t r a t ion  is in-
of cover (tops. It has been shown that , on small solved are less readil y es-aluated oti a large
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watershed. For land treatment measures , a con- Net Reservoir Evaporation Loss
servative determination of t h e  effects on peak

In addition to the purpose of a reservoir toflow ss-as made.
It has been estimateti that land treatment os-er i-egulate streamfiow or to constitute a water bod y,

large areas in the Sotttheast Riv er Basins could ~ ~fl~ Y has’e the effect of chang ing the total
reduce flood peaks to an appreciab le degree , the )ie ldl of water from its drainage area. The dif-

effect being greater on lesser floods and least on ference in ~ield may come largel y from the
difference between evap oration from the reser-the largest floods. No assumpt ion or comptita-

tion has been macic as to the effect of land treat- s’omr water sui face and evapotrans~) ira ti o n from
the corresponding land surface previous to con-ment on low flows or total water y ield.
struction of the reservoir.

Seepage from Reservoirs Ignoring boundary effects , there is a net esti-
mated loss from most reservoirs rang ing f rom

Whenever a reservoir is built , in the Southeast zero to 10 inches average depth per year. Bound-
River Basins or elsewhere , it is necessary for the ary effects , p articularl y wi th  lsy droelecti ic draw-
design to consider problems of seepage and (lown , tend to reduce the net loss because the
leakage tinder the geolog ic conditions existing es-apor ation fiom the exposed land around the
at the particular site. Otherwise , losses through reservoir perimeter is less than from the water
or around the dam or into the ground beneath surface. In some instances , the net effect may
the reservoir mi ght si gnificantl y diminish the possibl y be an accretion instea d of a loss.
quant i ty  of water stored for planned uses. Such In p lanning a few of the resers’oirs , accoun t
seepage or leakage may be undesirable from the was taken of estimated net reservoir evap oration
stand point of safety of the dam. Apart from for dry years. For esti m ating (Irawdiown or reser-
project considerations , such seepage does not voir y ield in exti-emel y dry conditions , such
necessarily represent an ul t imate  water loss, be- as recurrence of the 1 954-56 drouth , eva pora-
ing merel y a transfer from surface waters to tion 30 percent hi gher than as-erage was assumed ,
the un(iergrottnd where , conceivabl y, it could along with observed or interpolated 1954-56
contribute to aqttifers which are sotmrces of ia infa l l  and runoff.
pumped water. No account was taken of the effect on total

When a reservoir is impounded , there is a \s- :tt er y ield of net es-aporation loss f i om the
rise in the water table surrounding the shore- aggi-egate p lanned and projected sttr face area of
line and an ini t ia l  loss from bank storage which reservoirs. Because the total project ed new water
is not recoverable unless the reservoir should be am-ca is a small fraction of the entire stud s- area ,
drained. The higher water table may result in the net loss m a y  be w i t h i n  the error of estimating
problems of subsoil saturat ion requiring drain- the water y ield ! itself from the stud y area.
age , of hi gher levels and alleged pollution in
domestic wells around the reservoir , and sotne- Ground Water — Surface Water
times of respons ibility for creating new sink
holes. Interchange

If the desi gn fails to guard against seepage In the Coastal Plain province , much of the
or leakage und er or around a dam , there may water taken from the ground is discharged after
be a rise its the downstream water table wi th  use into stre:imns , th t is  adding an art i f icial  incre-
consequent d rainage probletns. ment to sti-eamf low. In the fu tu re , this  process

It is not ant ici pated tha t  any of these seepage wil l  probabl y m ci-ease , On the other side of the
and leakage prob letns will be significan t in the led ger , heavy ~)um~)ing near su -earns wi l l  reduce
stud y a rea , it being :tsstimcd that  agencies imp le- streami low : and where reservoir seepage occurs .
menting the Commission plan will  make neces- t ls eie wil l  be ai m a r t i f i c i a l  increment of surface
sary provisions in design m d  construction of water added to the ground water ,  There are
any structures to i~~ ’-~ ’~ seepage losses. This some indications that  seepage and recharge are
being the case, it has  been unnecessary in the oc cu r r i im g in the  s- i dn i t y  of Lake Seminole on
planning  of proj ects to ev a l t ia te  or allow quanti -  the Ch attahoochee an d F l in t  Risers above J im
tat i ve ly for seepage losses. Woodruff Dam. A lesser effect which can be
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cited is the wi th drawal  of surface water for use except s’er~ Iot’all~ has l i t t l e  influence on the
in fairl y lam ge am-eas ser~-ed !)y septic tanks—with hydrolog ic balance,
an accretion to gi-ound water front the field
lines. ,~ lI these and other such effects are be- Wafer Use in Pipeline Slurries
lies-ed to be ie la t i s - e l v  small its the aggregate anti T h e  transport of (Jal and other material by
has e not been eval tiate d . slurry and p i p chi ne~ has proven feasible in re-

cetit s-eats tinder ap; )ropr iate conditions. Trans-
irrigation Loss portation of coal into the Southeast River

In the Sotitheast River Basins , the projected 1~isi ,i~ by slurry would bring water i n to  the
ir r i gation ~)io gians is not large and is considered stud y ~i~ea , h t i t  sonw \s’ater ss’ould no d oubt be
to have on1 y sli ght local effects on streamfiow esa p oiat~~l by -omnbu st ion. For an examp le of
or ground water. ,\fost irri gation w il l  probabl y t ime arn oi iz ’i ~ of ls’ater invols’ed . if all electrical
be sprit ik ler type ~s’itii s’ery l i t t le  return flow. Cnei gy needs ‘s f  the study area for the year 2000

were stipp liecl by coal broug ht in by a 2: 1
Urbanization and Highways slurr y. atm es timated 100 cubic feet per secon d

would suffice. Local questions of as ’ai labi lity of
Imp or t ant  local effects can be expected in a 

~‘ater m ight ai ise , for examp le . in the mos-ement
few instances of interba sin diversion where rid ge 

~~~~ kaolin by slut  r\ ; but t ime to ta l  mn ov ement of
cit ie s take water from one stream and discharge such water in the Sotitheast River Basins would
it as effluent into a different stream. The develop- be tr ivia l fi-om the stand point of general as’ail-
ment of hi ghways and urban areas tends to abi l i ty  and effect on the hydrolog ic regime.
change the hydrolog ic balance by increasing im-
permeable areas , and storm sewers and roads Conclusionmay change the t ime of concentra t ion as corn-

Consideration of the foregoing and other fac-pared! wi th  natura l  surface drainage. In the few
tors has led to the conclusion that , for the pur .p laces of appreciable size where the effect of

ur bani zat ion has been ins-est i gated , the influence pose of broad! planning for projecte d conditions
of roofs, concrete and lawns as comh)ared with iii this  humid region , these factors can be

- , pasture , cu ltiv ated fields and woods , has been neg lected in comparison with  other uncertainties
as to the availabi l i t y of water . Though it isfoun(l to be too small for measuretnent , Possibly -esti mated that  the total supp l y of water will becompensating influences are ins-oh-ed.
about as at present , there wil l  be a change inWhile some urban subdivisions may seem the extremes of floss - because of storage of waterlarge , the aggregate area of impers’ious cover -
i i i  new proj ects. This is the purpose of waterin ttrban ateas and hi ghways is anti will con- mm i anag e inent.  Floods will diminish in frequency

t in u e  to be a very small percent of the total and n iagn it t td e of flow . and low flows will  be
Southeast River Basins drainage area. Unless an less frequent and less severe than would occur
impervious area has a very large conti guous ex- natura ll y. Art examp le of the type of change to
~~~~~ the water fal l in g on it can enter the soil ex pect is slioss-n in Figure 3.27 of Part Three
nearb y anti percolate laterall y into the soil tin- which compal-es the flow of the Savannah River
derl y ing the impervious area. 1~luch of the rain at Augusta with and wi thout  the operation of
from roofs soaks into nearb y lawns. I t  is be- Clark Hil l  Reservoir and other up stream storage.
lies-ed that  the u l t imate  effect of urbani zat ion Similar diagrams and flood-fi-equcucy curs-es
includin g lawn watering can easil y be exag- could be prePared ! for pioposed ~~~~~~~ based
gerated , is relativel y small in the aggregate , and on various assumed models of operation.

SECTION VI — WATER USE IN ELECTRIC POWER GENERATION

Cooling Water amounts  of water. Future d evelopment of power
Thermal generation of electrical energy re- by ntic lear and other new thermal processes will

quires condenser cooling, which uses vast in all pr obabi l i t y  re qtt ire cooling—most likel y
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bs ss-ater. The ava i lab i l i ty  of water is not par- coal , oil or gas , or b y nuclear or other energy,
tic u lar l y a problem in cooling if thei-mal plants  it is assumised there wil l  s t i l l  be a need for hydro-
can be loc~ttec l at t idew ater  or reservoir sites , electric possem’ for peaking. -~s with cooling
depend!ing on wlt at fuel t h e y  would use , and water , sehi le tremendous flow of water throug h
t he water cart be r eci t cul ate d . ‘Ehe main effect the tur l ) ine s may be j n ojec metl , none of it is used
is the local deterioration of 55-ater qua l i ty  up and the effect on the supp ly of water is
t hroug h Iseat 1)ollti tion resul t in g from the in - merel y a local diversion—between the tipper end
creased te r i s p e t a m t ime .  The hi gher te m perature of the I)ei~5t0C k5 and the tai lwat er ,  In shalloss’
also inc reases sli ght l y the evaporation loss from reservoirs there wil l  be no impairment in qua l i ty .
the receiving stream. l-Iowever , if the water is drawn from a deep res-

em”oir , the water discharged will  be loss’ in dis-
Hydroelectric Power solved! ox)gen and recovery to i-estore the defi-

ciency will occtir onl y af ter  ses’eral miles of
The main use of h).lroe lectric power in the open channel flow and! reaerat ion beioss- t he dam,

Southeast River Basins is for supp l~ ing energy In the event tha t  nuclear or solar energy
for brief peak periods It is rela t isel y uneco- could be cons-erted econom icall y and directl y to
nomical to keep steam pressure tip hour after electrical energy, wi thout  going throug h the
hour ant ! day after day in order to pros-ide for heat phase , then cooling water mi ght be un-
peak loads during the day and week , With necessary and h ydroelectric power for peaking
hydroelectric power there is no waste of energy might no longer be relativel y economical. The

- 
I and no delay in opening or closing the valves, plan of des’elopment to the year 2000 is predi-

Whether future power is to be generated by cated on cons-entional poi~’~~ production.

- 
I SECTION VII - WATER QUALITY

- 
4 Though the total supp ly of water is more than assume equilibrium with  their ens-ironment by

adequate , mere ly requiring storage , rescheduling, heat exchange with the ambient atmosp here
and diversion , the question of water quality re- radiation balance , a nd other factors; and the
mains. The planned program of prevention and net increase in temperature will be small,  How-
abatement of pollution can hel p insure con- ever , this may not be the case for the very large
tinued hi gh biological and chemical quality of thermal powerp lants  which typ if y pi-esent-day
water for industries , agriculture, and munici- practice. Serious heat pollution can result from
palities. such installations in locations where water sup-

Continuation and greater app lication of soil ply exceeds requirements by onl y a limited
and water conservation measures, the continued margin.
building of impotmndments , and continuation of The deterioration of water supp ly that has oc-the trend! in land use from crops to pasture will
reduce fur ther  the presentl y low sediment loads curred by the intrusion of salt water into coastal

of streams in the Southeast River Basins. The aquifers can be eliminated or controlled through

process of grading for some urban and highway vigilance and proper management so no deterio-
construction produces transient increases in run- ration of grounc! water in this rPspect is proj ected.
off anti sed iment load. Time urban ization trend A more intens is ’e agriculture will have some
may, throug h interbasi n diversion of munici pal effect on water qua l i t y ,  In the Southeast River
and process water , change the quali ty of a few Basins , there wi l l  be s-cry l i t t le irri gation in per-
headwater streams. The cons-ersion of cul t ivated cent of total  area : and almost all the irri gation
fields to paved areas and lawns will probabl y wi l l  be sprinkler -type wi th  very l i t t l e  leaching.
d iminish sed iment load! its some areas. ‘[‘he increased use of fertil izer anti pesticides

Use of water for cooling will  raise the tern- ~v iI l  have an effect on water quali ty.  Fertilizer ,
perature of streams locall y. In the case of mod- in general , will  have a beneficial effect on the
erate-sized plants , streams may be expected to flora and fauna  of streams. Occasional over-
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growth anti subsequent die off could be detri- large-scale effect. Use of pestic ides with rap idl y
mental. Insecticides atm d herbicides , on the other diminishing properties is expected. It is assumed
hand , may create serious pollution problems in that  some way will be found to deal ss-ith the
some localities. Presun mabl y methods to reduce problem of detergents and other chemicals which
erosion will hel p reduce local runoff of pest i- are not now amenable to treatment by biolog i-
cides, but it would be difficult to assess the total cal processes.

SECTI ON V III — FORECASTING RAINFALL AND STREAMFLOW

Introduction time of the year. The forecast of rain or no rain

If storm rainfall  anti subsequent flood runoff one day in advance is right about 80 percent of

could be forecast perfectl y, and over a period the time in m ost P laces. Recent improvement in

long enough, it would be feasible , in some situ- forecasting service has come largel y from better

ations , to utilize for other purposes some reser- regional coverage , better pinp ointing, more fre-

voir storage space which would otherwise be qu ent forecasts so as to keep up with rap idl y

held in reserve for flood control. However, even chang ing conditions , and better dissemination

thoug h this might be advantageous in some of forecasts.

floods , it would not decrease the total flood The chances of long-range forecasting becom-

storage required since that is determined by the ing dependabl y accurate seem now to be remote.

design flood for which protection is provided. Satellites and radar and other recent technical

Perfect or near-perfect forecasts are not now developments give greatl y improved surveillance

possible, but forecasts that can be made have but , as yet , very little assurance of methods for

proven invaluable in the operation of reservoir seeing further  ahead . Electronic computers now

projects. plot weather maps and are able to do part of

Having no forecast , or ignoring a forecast , the job a l i t t le  better atmd considerabl y faster

does not eliminate the problem of how to oper- than the manual  methods. This gain of an hour

ate a storage project or other use of a river. In or two, in effect , extends the forecast range an

lieu of a forecast , the operating decision is based hour or two.

on an imp lied assumption of some sort as to In the present status of forecasting rainfall ,

future events. most forecasters usuall y indicate merel y whether

If weather forecasts were to improve greatly, rain is expected! or not. However , research in

the benefits to outdoor recreation , including quant itative preci pitation forecasting has pro-

hunt ing  ant! fishing, would be much m~ire se- gressod to a degree which enables the Weather

nrc and! more definitel y assured. Forecasts of Bureau to rendler effective assistance to m-eservoir

streamf iow in the Ohio River are now used in operation on the Chattahoochee , Savannah , and

coordinating pollution abatement measures with other rivers. Contim mua tion of this research holds

di ;irig ’s in expected flow. muc h promise. Another advance in forecasting

Fhere are instances where reservoir operations techni ques is that  of probability forecasts. These ,

h.i ’.r m n~iilc ’ floods worse than they wottld be too, have shown some promise The probability

i l i i i u t  t h e  m (- sd- r % ’oi r. To assure against this in ~~~~~~ is not a sop histicated way of immtrod uc-

- !,, I rm , u - ~~ - m ’ ~‘:m lk’y, there has been a program Rig s igueness into the forecast but is a quan-

-t ‘ i i i  n i-k  es t i n h i t ing  w l m at  the flows would ti tat iv e means for indicat ing the degree of un-

- I. .  ‘ i ,  i i i  the .tbst ’ii cc of the reservoirs. 
c( r ta i t m ty  which nearl y :il ss-ays a t tend s  a forecast.
For examp le . for some op erational decisions it

i ~s 4ii ~orecasting 
would be lme l l) fu l to know whether the 1)redict-
e(l rain had a 70-percent cham e of occu iring

- ‘ ‘ i i  f ’ i t- t  .is t ing ss-e:mt her are so scrs us -a 30.percent chanc e of occurring.
- - . i st s  lx’~ ot id I or 2 days \Ve can expect over the next 30 to -10 years

- I I I  ~~ is t i  I lit ’ .ISSt im 1) ti d ) il  tl m a t ti m e trend of l ,ette m stirvei l lance , mot e Ire—
I , I .  -~ i i t ’  it mal for that  quent  forecasts , and b ett e r  diss emination wi l l
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cotmtinue , We can expect a trend toward better ods shows definite gains that  should become es-i-
statements of probability atm d improvement and c!ets t in a very few years. How fast these gains
wither use of quan t i t a t ive  forecasts. These are will  be recogmmized and app lied wil l  depend more
bet mefits to any program involving outdoor ac- on ins t i tu t ional  factors than on the state of the
tis - i ty.  A breakthroug h in quantitative rainfall  ar t .  When these prospective gains are combined
forecasting would obviousl y have a tremendous with improved and effective use of quantitative
beneficial effect on all water-related aspects of rainfal l  forecasts , the influence on river regula-
the U. S. Stud y Commission program, but it is tion could be tremendous ,
not assumed that this is imminent. Future streamfiow forecasts will cos’er a much

broader scope than forecasts of flood stage. Fu-
Streamfiow Forecasting t ure forecasts will pertain to the entire hydro-

graph , as far in advance as it ss’ill have any meritUnti l  about 20 years ago, streamfiow forecast- 
— certa inl y several days ant! poss ibl y weeks oring was little more than predicting the rate of months — and will include probabilit y state-movement anti future confi guration of flood ments. This program will be hel p ful for many

~s’aves that  had alread! y formed and were moving 1)urposes. In the Tennessee Valley this type ofdown from the headwaters of a river. Now flood forecasting has been its successful use for some
forecasts are made soon after the rain starts to 25 years. A dail y bullet in issued j ointl y by the
fall , ant! many hours are added to the forecast Tennessee Valley Authority and the U. S. Weath-
interval. er Bureau disseminates the information to the

In order to make a forecast timely, methods public. Recreation ant! fishing i nterests as well
are uset! to obtain an optimum balance between as project operators make use of these forecasts.
speed and accuracy. With the advent of d cc- The imp lications of improved streamfiow fore-
tronic computers , it is now possible to have casts on the benefits of water management pro-
both hi gh speed and a high degree of accuracy. grams have not been examined in thi s stud y,

,
- Recent experience with water-accounting meth- but they could be significant.
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PART FIVE - METHODS AND CRITERIA

SECTION I — PROCEDURAL STEPS
The steps to be followed in formulating a 8. Examine and accommodate sitl e effects such

l) l~tn for ssater resources development are essen- as weekend holdover in h ydroelectric generation ,
t i al l y ~ts follows: return flt ~ s’ from dispersed ss itl ~ l rawa ls, reset’-

- I . Ev aluate  the exis t in g water regime in terms s-oir evaporation , pump ing for leseed local drain-
~ 

of drainage patte rm i , water areas , stream pro- age , consumptive use , etc.
: flit’s, storage ant i diversions , frequencies and ex- 9 Rees ’aluate the modified water reg inme , mak-
~ t remes of hi gh ant I  low f lows , seasonal variat ion , ing sure of its physical feasibilit y , going throu g h
: t lr aft-stor age curves , flow-duration curs-es , and successise stages of approximation converg ing

~ 
ratin g c t im v es ;  ~uicl t !epth ant! y ield of aquifers. toss’ard opt imutn development with optimum

r 2. For cacti use or abatement , determine the tli strib tmt i on of water use amomsg ptt1p~ses , and
L ~ 

functional  relationshi p between the degree to ~s-ith l)roPer scale of d evelopment.
. ~ w hich the water regime may be modified anti 10 . Make final regional adjustment on the

~ 
the am ou n t  of resu ltim ig benefits for each pur- basis of interbasin op timi zati on.

I: pose: stage-dam age-freqtmen cy curves , area-benc- Iii general , time foregoimsg steps were followed
F 

fit curves , dollars per acre-foot , etc. large l y quali tat ivel y aimd onl y approximatel y.
3. For each purpose, dletermine the approxi- Constraint s included time need to work with onl y

male fu ture  need for use or abatement; popula- knowledge and methods available at the begin-
tion and per cap ita rates , acres affecte d and per- ning of the stud y or which it ss’as thoug lmt at the
acre rates , etc. with  frequency and magnitude outset could be comp leteti in time , the require-

- criteria. ment  of estimating onl y for places where poten-
4, For each area of use or abatement within a tial  development is expected! , heterogeneous

basin , compare tIme fu ture  requirements with time agency cr iteria , l imited time anti (lata , limited
avai labi l i t y  of water its its existing and ex- precision of fun ct iommal  relationshi ps, l imited

- pected future  regime. pr ecisi omm of projected needs , the mmeed to avoid
5. Establish the app r ox immsa te magnitude ant! excessis-e departures from existing agency meth-

location of storage , dis-ersio im , anti other meas- ods , and tim e lack of reg ional generalizations.
- 

ures for a preliminary p lan to meet the expected According l y, a high d egree of detail ant! mefine-
- re quirements for key ft i ture d ates; addiimg the ment seemed unss’arranted!. -

- needs an t i  spare re qu iremeimts considering joint , Other [at -tors entering the decision ma ki mm g
a l te rna t ive , atmd successive use of water and stor- process inc lttd e the op era t iomm of social , in s t i t u -
age space , seasonal variat ion in flow and needs , t ional , ant! other more or less intan g ible influ-
using local water httd gets. ences , ant! the degree of jud gment required

6. Evalua te  the changed ss-ater regime of the ss’hi c lm may be great where time best anal ytical
pi -J im in ary plan antI determine its  ph ysical feas- method is not clearl y ascertained , In some in-
i i ) i l i ty  t i s in g a draina ge area ss-ater-accout sting s t a i i t -es . time se in tang ible ant ! subjective factors
systeim s based on a historical  or syn thet ic  record ot imw e i g lmed time cotid I t is i on s reached or even pos-
( ov eri im g perio d s of hi gh and low flows. S!ll l ( ’  by objective anal ysis.

- 7. Modif y the prel iminary p lan so as to max- A nm aj or portion of each sing le~purposc stud y
- inm iz e the net be im eli ts or minimi ze  time cost , using was a -conmp li shed by 1-ederal , Sta te ,  aimd other

time fit ncti ona l re la t ionsii i j n of step 2 to adj ust a n t l~ s i i  t ies thi - oti g lm agr eenmeim t a it t l  t ransfer of
- om~)et ing m is t - s  of water , consid ering st- ;isona l I tu im i l s .  ‘I l mis  work W a s t loime it t - o i t l i i m g  to s1 t ~~t’if i-

- and fi -cq tiei n v d t s t r i h t i t i i ’ i m  of need for water , al — t l t i o i l s  co n ta i im ed iii a te t I mi m ica l  si pp lenm ent for
te rn at e  sources of water , ;t lt t ’rnate plat es of use , t a c it put pow cies-elopet! bs tim e U. S. Stud )- Corn-
a nd ; i l t t ’ i  Ima t is - es to tim e tise of wat er .  n i i s s i on  s t i l l .  l i t -se spe - i f i c i t i o t m s  pro~ itlct l  lot
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st o pe, tlegree of tletai l , de fin itiom i s , and assump- process of combining sing le-purpose alternatives
- tions aitti are tiiscusses! in time respective portions into mult il)le-purp ose p lans was done by Federal
~ of App eimdix I 2 , -P lanning. agencies throug h agreement and transfer of funds

~ These sing le-purpose alternatis-es were a(i- for terminal studies according to Stud )- Corn-

F j us teti and combinet! by the general procedure mission spe cifications . Most of the process was

~ 
outlined earlier in this Section. Some of this done by staff members, basin by basin.

~ SECTION II — METHOD S FOR SI NGLE-P URPOSE FACILITIES

I Flood Control and Prevention st ruc t ures had drainage areas from less than 1

~ 
For prevention and control of floods , the work square mile to about 15 square miles , three-

~ ss’as disit!eti large ly on the basis of size of drain- fott~t~~ of them being less than 5 square miles ,

~ 
age area. Studies were made under agreement H y drolog ic methods are involved its two places

t. ss-ith the Commission by the Soil Conservation ilm t his samp ling procedure. One place is in the
I Service , U. S. Department of Agriculture , for metllo(Is emp loyed in time samp le watersheds, and

I headwater areas , anti by the Corps of Eng ineers , the other Place IS in the hydrolog ic relationshi ps

r Department of Army, for main stems or major i iml m ei en t  in the app lication of conclusions from
I rivers. In general , the distinction between large t ime s~imP le waterslmeds to the other watersheds.

t 

- and small areas , separating the work of the two H ydrolog ic methods ant! criteria emp loyed in
agencies , came at t!rainage areas ranging to about t ime samP le watersheds are described in the U. S.
1 ,000 square miles. The specific division into the Soil Cotmservation Service Eng ineering Handbook ,

~ 
two agency categories is shown on a map in- Hydrology Supp lement A. By those methods a

~ cltided in the wom-king papers of the Commis- series of annua l  floods is synthesized by general-
sion , but not reproduced Imere , which shows the izeti treatment of rainfal l  and watershed char-

I exact areas of responsib ility agreed to by the act eristics , its whi clm consitieration is given to

Soil Consers-ation Service , Corps of Engineers , ammtece ( !ent moisture condition of the soil , soil
- and the U. S. Stud y Commission. type , :tnt ! type and qual i ty  of vegetative cover.

A very important fact about planning for small Antecedent moisture condition is gisen by one
waters imec !s is time large number of them in the of six categories , made tip of t lmree classes of 5-
88,000-square-mile expanse of the Southeast t la v antecedent rainfal l , a nd two classes of sea-

- River Basi mms area , and time practical impossibi lit) - son , dormant and growing season. The influence
of t!ealing with them indivit!uall y in timis stttd y. ti f soil type is given by selection of one of four
Another imp ortant fact , shown in Table ‘11 ~ 

l. gt- categorie s into which all soils lmave been
the small amount of observeti streamfiow data l,t ss ifit ’t I .
for small watersheds in this region. I I ytlro log ic effects of land use anti treatment

For small watersheds a generali7ed approach ~~R’ exhsreswt! by identif y ing the obsem-ved or
was used , based on anal ysis of more than 150 x l t-t - t t - d c oimd i t i t i ims its a t :tb le w lm ich gives for

I detention structures it s 20 planned upstream t~ic hm iii the four im tlr olog ic soil groups a curve
waters imed projects in time Bltme Ridge anti Pied- n t t t msber for a sar ie ty  of land use , treatment , and
m ont physiograp imic provinces in ar m ! near the lmytlr o lo gic co imdi m i on ,  H ydrolog ic cosmt !it ion is
Sot itheast Riser  Basin .s area , plus 10 watersheds gist -i by at lject ive categories sut lm as poor 1 fa i r ,
in the Coastal Plain province selected speciall y ~ttm t! good.
for field st ti d y for development of data for gen- Large wate i’ sime ds im ;ive a va r i e ty  of cover , soil
eralizet ! planning.  Timese 10 samp le watersheds type , am mt l condit ion ;  so aim average curve number

were selected by expct ieimcet! ;igr ict t itur a l people, for the entire watet - simed is obtained by deter -nu n-
b ot lm local and Ii. S. l ) t ’p art tm s ent  of Agriculture. ing time d u s t ’  i l um lml ) e r  for each incrt i mm e im t a l  area ,
St’ let t iorm s of t lie areas wet -c made on time basis 1 1(1 Wi 1gb i r ig  t imt ’ se by si , t ’  of i t t t ’ a  ~t i ~ mp u t  ii ut

- of land use , I )  h iCS of Iloot i damage , topograp lm) - , El )  total dra i image a tea
soil t )  Pt- , and oth er existing cotm dl it iot m s. The In t r a tm sp os i im g  san ip li’ ar t i data  to  prototyp e

- P ub l i t  I.aw 5(6 type s ; im m m p le watershed detention watershed ses-eral met lmo !s wete u set l . Oime
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method was time direct transfer of data or rela- For large drainage areas , the Corps of Engi-
tions imi l ) s from a s;tmp le watershed to a watershed neers estimated flood frequency characteristics
whic lm was regard ed as similar . Another method for fiooti-tiamage sites or reaches by preparing
ss;ts the t aking of pe rt i r ment data from geimera lized flood frequency curves from recent floods which
cur s-es with in te ip t i l at ion on the basis of ob- cos-ered a good range of magnitude , or in some
served or estimated tlifferences in land use, size i tmst anc es from atm array of syntimetic floods which
of drainage area , anti  s inmi la r  information. A Soil cover a range of frequency. For areas with small
Consersation Service guide which was used in waters imed projects , h)-drograp lms from the smaller
this stu d)- is t im a t  wimere ;t~ much as -I percent of a watersheds were taken as given by the Soil Con-
pl anni img L i t t i t  wateished si-as in the bottom land servation Service , and routed by storage methods
categoty . t !evelopment of storage for flood pre- downstream.
vetmtion was usuall y warr antetl . In some instances , As-crage a imn ua l  flood tiamages for large drain-
particularl y in the Coastal Plain , the onl y im- age areas were estimated! by combining stage-
provemument p l ;ti ) imt ’t l ss’as channel work. discharge , disch arge-frequency , and stage-damage

In transposing hydrologic relationshi ps from curves to obtain damage-frequency curves , and
one watershed to another , two considerations are then integrating time area tinder the curves. This
necessary. One is the degree to which physical procedure , app lied usuall y to urban damage
relationshi ps, such as rainfall  to runoff , are ex- centers , gives results different from taking the
pressed by the parameters tmsed in the transposi- average atmn i ia l  foot! damage , as is done wit im up-

- ; tion. Such parameters are land use, soil type, stre~in agricti ltural damage . Just ification for em-
topography, and rainfall  regime. The other con- plo -ing the t i iffe rent procedures is that  extreme
sideration is the effects of scale. The treatment  of floot!s prot !uce a maj or portion of the urban
data from small watersheds tends to emp hasize t iamage , and agricultural damage is large ly from
direct runoff and minimize ground water influ- time repetition of lesser floods. The two methods
ences which are often trivial in magnitude with reflect this distinction.
respect to direct runoff. With larger watersheds In t let ermining flood-frequency relationshi ps,
a greater proportion of runoff is d elayed in pass- time log-normal method was generall y used , with
ing through the soil on its way to the point of recognition of skew as a variable. The differences
measurement, between the resttlts of timis method and of other

A typ ical atmnual  flood series was obtained by methods such as Gumbel , are not great in the
app l y ing the procedures described briefl y above present context , where time purpose does not war-
to a historical series of large rainfalls over a rant  high precision , and where time data them-
recen t 20-year period. Consideration was given to selves do not lend preci sion.
time of year of occurrence of flooding. Peak flows Channel improvement could be classed as
were determined by unit  hydrograp h and storage either flood prevention or drainage , according to
routing, with and without watershed treatment two criteria. If the channel improvement were
and detention reservoirs , independent of storage , and if the design capac-

In general , a small reduction in flood peaks ity correspondeti to a flood of 2 years or smaller
was postulated for future land use conditions as return period , it was regarded as drainage . If
compared with present conditions. This reduc- the channel work were associated with storage ,
tion would reduce present as-crage annual  flood a portiot l of it was related to drainage on the
damage 12 percetm t in each platm i med watershed. basis of re lations lmip of two areas re quir i img proj ect

For flood detention the volume of storage , u ti o im; one area h avi img a drainage problem , and
front time top of time drop inlet to the level of the time other area haviimg a flood! prevention problem.
emergency spi l lway, was generall y det erminet i on Chatmn e l  cap ;tcity downstream from a work of
the basis of a 25-year flooti , w im ich was generall y impr ovemetmt is an important factor , and the dis-
abot it 5.0 inches of runoff for a hydrograp h base chat -ge capat i t y  of the drop -inlet spil lways in the
of 18 hours . For sp i l iway design for sm ;th l water- Public  Law 566 type structures range from about
shed d ar iu s . i fu l l  poo1 is ass umed , a nd ! a 6 -h tm ti r  10 to 10(1 ct ib ic feet per second per square mile ,
storm producing 9,25 inches of runoff was the depend iimg t ip ot u local conditio r ms anti i imc r ern ents
ustia I criterion. mf st ; t t i t t amd size conduits.
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Wafer Supply and Pollution Abatement sv ;ttcr , af ter its  use, augments streamfiow slightl y.
Except in a large rid ge city, sucim as Atlanta ,Projections of water needs for munici pal , in- 

~ water mua)- be taken from one basin ant !dustrial , anti i nttis ’it!uai proposes and for assimi- 
allowet! to 11(5w intt )  aimot imer , time effects of waterlating Polluted effluents were made on the basis 
use on qu an t i ty  of floss ’ mnay be imeg lectet!. In theof extrapolating historical trent l s in number and 
At lanta  nm etro p ol itan area about 45 cubic feetsize of users ant! in unit  rates. For munici pal
P~~ seconti takeim front the Chattahoocit ee is dis-use , for examp le, the population and per cap ita 
cimarged to tributarie s of t h e  Ocinul gee Riser.consumption were proj ected.

Flowing water not onl y carries wastes but di- Navigation
lutes anti stabilizes them chemicall y ant! biolog- Inmp u -os ’en meti ts for im as - i gat ion it sc lt idc Imarbors ,icall y. The amount of t iilut ion sv~tt er required caima ls suc im as time l imt r at o ast al  Water way , andfor pollution abatement 5s ;ts estimated on the st me’ ~m i ss’lmic lm i i las  be developed for eit h er slack-basis of sesen parts tier million of dissolved 

s5’(ter or °pen-riser imas- igati t )n .oxygen in time receiving water , the biochemical No impo rtant imy drolog ic criteria or method soxyge n d !eimmant! of the eff luent  after primary , lmas -e beeim ituvols -ed i t t  p l a imi i i i u g  harb or  or levelsecont !ary, or tert iary treatment , and maintain-  carla! u m a vi g am io im b~ time S t u t l s  Conurnission.ing a nm inimum for the mixture of four parts Jtt st as isi gh ss-ay- lanes ~tnt l  r ailro at i gages iutveper mill io n of thissolvet! oxygen. 
bee m stai mt lar d izet i , time nmi n imu nu t lepth for coin-The criterion of t!esign frequency anti dura- tuerc ial navi gt t i t i t m Imas beetu sta nt l tit !i,etl usuall ytioim for surface supp lies and for pollution abate- it 9 or I 2 feet. Barges wi th  sniall draft  tend toment was taken to be the consecutive t!ay mini- be t i imec oiu omica l for nmos t comnnmerci al tra ffic.

m u m  flow occtmrrin g on an average of once in To mainta in  a nmiimim m tmm u t lepth of 9 feet in a10 years. These flows were estimated from a t~pic;tl Coastal Pl ai r m river requires a flow of ageneralized approach , based on a 61-station sam- few ti m ous anti ctzbic feet per second , and perh apspie of long-record stations in the Southeast River tot oft e t m excessive velocities woult i occur , mak-Basins area. The storage requirements were aver- iisg upriver t i ;ts -el slow aimt! unecononmica l . Gems-aged for three or four seasons, shown by a grap h- erall y- , a ve locity of less t i m ai m 6 feet per second atical frequency stud y to have about a 10-year re- ort !iim~try ’ river stage is desirable. \V it l m slackturn perioti . 
water , vessels nmos’e from pool to 1)001 t lmr oug hFor grount ! water , the onl y criteria for water locks whose operation usual l y requires m uch less

supp ly sotmrces were generalized designation of water th an for opeim- ris -er ima s-i gation.
areas kno wmm to have certain characteristi cs, in For op emi-r iver Im avi gati orm the costs for reser-
the l’iet!motmt and Blue Rit !ge provinces, the voir storage and cl m ;i imi mel ma in te imatmce tend to be
grountl water is generall y goo(!, but wells there i m i ghm amm t ! for slack water time locks anti  dams are
have small y ield. A bant ! about 40 miles wk!e nuaj or costs . l)ecisions are baset! laigel y on stand—
south of time F;tll Li m me has hi gh y ieltl s in some au - ti i sy t lr a t i l i c s , etu g ineeri ng, a mm tl economics, as

4 ~~~~~ 
anti loss’ ielt!s in ot imers. A band about tlescribet ! itm t Ime Corps of Eimg imm e ei - s manuals .

40 miles wide along the coast has p 1~~~ y of Time hydrology inv olved is l i t t l e  immo m - e tl maim t!e-
ground water a imt l hi ghm y ieltl s, but near known velop ing anti  app l yi ng draft-storage r elat  ion shi i ps,cetmtcrs of heavy pt irnping , salt-water intrt t sion is as described in Part l ’luit ’e of this .-~pp etmt iix.alre .tt l y or soon may be a l imitin g factor . At a
few places near t h e  coast , t lmcre is excessive m m -  Irrigation
eral content.  The rest of the Sotutlmeast River Methods and crite r i ;t for ~i lamu tm i i u g irrigation
Basins area generall y lm a s p le tmt - of excellent i~~od tam -gt ’ l y- on adap t at i ons  of ir r i ga Lion
ground water , tmm ti c l m of it  re quir i tm g li t t l e  treat- i l ;t tmt llmoks for t h e  States of ,- \ laba ma , Florida ,
merit for arm y ti se . ( ;e 0-g i ;t • a t  td S itt t h Ca i t  d i i i  a j u t  hi ishu ed bs- t i m e

Sur face wat er  wit im draw ,m for in dt i st r i e s , c i t i e s , - s. Soil ( ( i I l se i% ’a t i (m Ii  Si r s - u t  - :  atmt l Set l i on IS
and i t i dividt u a l  i sems  g t ’m t et  II )- re t t i r i t s  to time of t h e  Soil ( onset  s ; i t i o i i  Sei vi i  e l - Iim g imut - c r i tug
sau te s t i e , u l m m  from wi mich it  ss-as w itl m d t -; t s s ’n , with I l a t t t l hu ook .  Som e avei’a gd’ ost t i a t a  wt-rt - stm 1i 1mlie t!
sli ght co r m sul mm l ) tis - e u se. Retu r i m h ow of 1~u o u i n d  b y- t I me  ! S . . -\ gt ii tm l t t i r a i  Re si- ,iu It Set s i t  t .  Dc—
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ter m in ation of future irri gated acreage and of rmmd e on the basis of ~ 2 percent to 4 percent
water tueeds for irri gation was a prod uct of jud g- samp le tif time total land area. For land to be
ment as to econom ic return s from irri gation coy- classetl as wet , soil sdrs-eyors considered the lay
er ing time ope r at iotms and maintenance costs of of the lamm tl , soil profile , and existi tmg drainage
irri gati mmg cert a irm crops and soils, and ss’-as ex- situation.
tr apo late th from recent short trends. Of the total wetland , onl y a small portion is

Supp lemental irri gation practices in this re- expectet! to be tirainet ! b y the year 2000. The
gion , based otm ju t !gment and experience , use the amount of lau m t l  to be draitued was pu-ojected on
crit erion of a 5-year retur n iuer io~i, a 20-percent the basis of ins t i tu t ional  as sselh aS economic and
chance. For couuvenience in geimera lizing, the l) isysic~tl factors. The interpretation of physical
average annual depth of irri gation water was fact om -s ss-as time overall jud gment on time part of
about 8 inches , ss-ithout regarding this value as experiencet l aut h oriti es , both local anti U. S. Dc-
a standard or criterion. l~1rt11~etst t) f Agricul ture . .  ~ reason for projecting

In general it was assumed that niuch of the t i me an motml mt of lam mt l to be drainet! , imm ste a d of
ssater for irri gation above the Fall Line would basing it on ec o mm ou m m ic am m t ! lmy t lmo l og it site studies ,
come from farm ponds, and below the Fall Line , is t l u t t  lau md drainage is large ly a matter of pri-
particularl y in the Lower Coastal Plain , would vate in i t i a t i ve , ant! t !ecisions wotuk! not necessar-
come fr m pit wells and streams, rely ing on gen- il y be based omm objective anal ysis of pimy sical
erall y known local availability of water without ant! oth er data.
making site studies. Laud Capabilit y - Classes and land use formed

The sources of ground water used for irri ga- time basis for detertnining time degree of protec-
tion are too dispersed and the volume of water tion to be pros-idet! u s  the cimannel design. Chan-
used is regarded as too small in amount to limit much capacity was determinet i by time formula
the general availabili t y of ground water for other Q=kM5/6 , wlmer e Q is the channel capacity in
purposes. In storing surface water to supp l y irri- cubic feet per secommt l , M is the drainage area in
gation needs , generalized tiraft-storage curves stiuare miles , aiitl k is a factor related to land use.
were occasionall y usetl , as illustrated in Part
Three of this Appendix. Where irri gation was TABLE 5.1

one of several ptmrposes for storing water , it was Values of k — Drainage Channel Capacity
assumed that all the needs for water would peak Coefficient
at the same time. This, in effect , amotmnted to a Basin and State Land use
more severe criterion than one year in five , and Crop - Pa s. Range Wood.
in some cases more severe than the probability land lure 

- - 
land

ituim erent in the draft-storage curves. Savannah , Georgia 58 34 15
Ogeechee, Georgia 58 34 - - 15

Drainage Altamaha , Georgia 58 34 - - 15

Methods amid criteria for drainage were based Sat i t l a - SI ,  Mary-s .

largely on at!aptations of time U. S. Soil Conserva- Geoigia - - 

- 

- - - IS

tion Service Drainage Handbook and Section 16 SaU fl a - St .  ~i a r s ~ 
25 20 10

of time Soil Conservation Service Engineering Suwannee , Georgia 58 34 15
Hantlbook. h im adapt i um g these standards to the Suw anusce , Florida 45 25 20 10
Sotmtheast River Basitms area , a watershed sam- Ochlockonce , Georgia 58 34 15
j ih ing nmet huod , is !escribet ! 1m m the Flood Control Ochlockonec , Florida 45 25 20 10

ant! Prevention Section of this Appent !ix, was .5 1,ata ch stohi
Chat t ,ut ioort mt -t - - I l in  t ,uset!.
Georgia 58 34 15In assessing the neeti for drainage , reference

was made to time hunt! cla ssification reported in Chooawhatt -hrc -

time IT . S. l) ep ar t imment of Agric tml ture Conserva- t’cnlido , I - lo u ida 45 2S 20 10

tio uu Needs I imvet s tor y- , ss ’ lm it - hm, iii ~u il ( I  i t  ion to c las- Cha i m i m e l  gi i t tit ’s , sit ie s lu ij  ues , wid t  hu ~, a mit i depths
sif y ing land into t ’i g imt capabili t y classes , desi g- follow s t ; u m t d a r d  huy - t l m - a u l ic  desi gum pra mit -es as
natet l ce u - t a i u i  areas as wet. Th i s  chassi Iuc at i otm was described in the  I’ . S . Soil ( om ise m s-a t ion Service

ri-s 
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Eng iumeering Harut !book. Mantmin g ’s “n” was gen- tai t ming dissolved oxygen at a level of at least
eralizet! fro imu handboo k tables anti j tm dgrnent as four parts pt’r million and eliminating toxic
to local conditions. Care was taken to assure ade- concentrations of toxic waste.
qu~ute chan ume l capat - it v dowmmstream , with an Regu lati osm of floss’ for fishing consists largely
est i t mia tet !  r e t t u r t m  peri(K ! of 2 years as a criterion. of maintai n itmg mn imm imuni floss’s for the period

Improved drai mma ge would thet retica ll y affect May t iiroug lm October ss’it lmin time limits of about
the hyt!rolog ic reg ime by chang ing soil moisture , 25 percent to 75 perce mmt of average annual flow ,
ri pari ami s’eget at iorm , gu outmd water stage, runoff , when available , and allowing natural flooding
anti time of commcentration of tirain ed areas. No time rest of time year. For waterfowl , the how-flow
stutl y vt-as matte to estimate these influences periot l ends earlier , w it h desirable bottom land
which are presumed to be neg li gible except very flooding star t ing abotu t tIme first of October. Ex-
locall y. The effect of drainage on flows and avail- act l y ss’here, wit h m i m i  and occasiom all y beyond the
ability of ss’ater over the Southeast Rive r Basins lim its of 25 per~ ’t1t to 75 percent of average flow,
has been taken to be nil. the as’erage flow is to be maintained was largel y

a nm~utter  of jud gment. Jud gment also determined
Hydroelectric Power and time freqtiency criterio n to be the 10-year return
Industrial Development period, or l0-percesm t chammce , timoug h no rela-

ti ons imi l) was established showing benefits versusIndustr ial development is projected on the
basis of population , resources , and economics. degree of regulation for other tlman the regime

: The imp ortant hyt!ro log ic aspect of industrial j t t t lget ! to i)~ desirable. 
IThe length of re ,uc lm to be controlled and thetlevelopment in the U. S. Sttud y Commission plan

size of impoundment to be built depended onis assurance of plenty of good quality water , re- 
fishing load in user-clays per mile of stream andquiring onl y development and management.

For hydroelectric power generation , monetary per acre of iml)ou n dment .  Annual  user-day’s of

values have been put  on projected needs fot- fishing per mile of stream rangeti from less than
30 to more t lman 1 ,000 depending on width of thecapacity and energy . Alternative sites, heads , and
stream anti how it is to be stocked and managed. ‘1schetlules of operation were considered and ob-

Time number of annual  user-day-s of fishing perjective computations made of costs and benefits.
Consideration of alternatives and optimum scale acre of impotmndment ranged from 5 to 300, de-

pen d ing omi how the impountiment is to beof development was carried only far enough to 
stocked and managetl , proximit y to p Ol)tml ation ,demonstrate physical feasibility, provide a basis
ant ! a l te rmmat i v e  fis lm i mm g oi)portunities. Stockingfor assessing economic feasibility, anti gis’e gen-
anti management factors inclut!e species of fish ,eral magnitude of development.
ac ess, water qua l i t y  including temperature andHytirologic methods included interpolation
imtmtr te n t ~, ant! otimer site characteristics , Theseand extrapolation of flows at ungaged sites and
and other factors were expressed throug im jud g-simp le reservoir water bud gets.
memm t in terms of area of new imp ou n dnme mmt
needed and mitm imum low flows neethed forFish and Wildlife streams.

Preservation , protection , and enhancement of
fish and wi ldlife resources have been expressed Recreation
for water-oriented management largel y in terms
of impi-os-ing the environment for fish , waterfowl For ss’ ater-usim mg recreati oum , in atit !i ti om m to the
and other game. The physical measure of im- ret lu it - e memut  t f  st m fli c ies m t l y hi glm standards of

~~~~~~~~~ 
is annual tmser -days of hunting and qua l i ty  of time 55-ater for water  coum lact sports , the

fishing. Time improvement insofar as water regu- op~> or tu n i t y  aumt ! due problcnm are to relate the
l at io n  is ooncerned is an impoundment to: (I)  qu a imti ty atm d nature of tim e resource to the qualm-
Regulate flow; (2) prov itie additional area of ti ty ant ! nature of the need.
water st mrface; (3) provide desiret ! sal ini ty;  and Q tm a umt i t a t i vc -  factors im m measuring water as a
(-I ) main ta in  qual i ty  of low flows. m -ec m - c ati o i i a l  resoturce irmc lude area of water sur-

Water quality is expresset! it m terms of main- fat - c, d is tr ibut ion of water  depth , and rate anti
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amount of water movement , both horizontall y Sedimentation, Salinity, and Beach Erosion
as in a stream and verticall y as with a reservoir
-surface.  At !thitiona l pertinent ~)h ysical character- ‘I hese PurP~5es imivo ls-ed no significant hydro-
istics of water are its color , turbidity ,  anti tem- lOgic m ethod s or criteria.

h)er.tture. These factors all vary seasonall y an d L stj m atem of sedimentation rates were made
in other measurable ss’ay-s. \lea~urab le environ- for 1-eservoir storage on the basis of time limited
mental factors include shor eh itme confi guration ; imm iO r n iatio tu asa i lal ) le. In geumera l , sed imemmtation
typ e of satmd , soil or rocky material which corn- rates  of 10 to 100 i arts i er  m illion are believed
prise s time shore ; ri parian 5-egetation; and esthetic to be typ ical of time Coastal Plain , and up to 10
values wlmich are not easy to measure but which t inues t lmat for time steeper parts of the Southeast
were gisen consideration in t!ecision making. Rivet - Basim is area. Very nearl y all the sediment

Q uanti tatis-e f actors m m  measuring need for ~ believed to be suspended fine material with 
J

ss’at cr for recreationa l use inclut !e time number of low tra p efficie mmcies. In some reservoirs , small
people expected to engage in various types of am ounts of sediment storage were allotted; and
acti s- ity - at various times of year , the space they ~ ot l m e m s , time amount expected was regarded as
need for these activities , atw! cimaracteristics other t(i(i small to take into account. No effort was
than space. For some activities the same space nu~mde to establish formal criteria for sediment
can be usetl jointl y or consecutivel y ; combined StO r~t ge.
use by certain ot imer activities wotu ld be objec- Beac im erosion sttud y was largel y a survey of ]
tionable. problem areas and reqtt ired no p l annimmg criteria.

Because there is no generall y recognized! meth- Salini ty of grottnd water due to oceami water
ot !ology for relating recreation nee !s to objec- enci ’oachmnment is becoming a seriotms problem in
tive l y t !eflnet! resource capacities , the Commis- iso lated areas near the coast . Ium di s’ it!ua l case
51011 sought  the atlvice of experienced experts in stt mt !ies aimd estab l ishmment of criteria wou ld be
time fielti of recreation. Time Commission findings t lesir ,mble in the fu tu re  for both p l an im ing and
were basetl on extensive office and fielt! stutiies , ( !esigim. Sal ini ty  of soils is a minor agricultural
wimich coimsitlered subjec tivel y su c h factors as size t roblem along time coast , b u t  time total area of the
and location of populatioum , personal iumcome , narrow band ium which t imis problem exists is a
leisure time , esthetics, available land and water small portion of time Soutimeast River Basins area ,
resources , cut -rent experietmce , and trends. ant! plans for land use do not requ ire reclama-

Althoug h t !ensity was not usetl as a p lanning tion or treatment of this la mm d . No levels of
guide , density of use in the stud y area ranges salinit y were usetl as criteria for estimating the
from less tim an 4 user-t lays per act-c of water per magnitude of the problem.
year in certain wilderness or swamp areas , to Water quality tiata app ear iii “\-Vater Qtm alit y -
more timan 4 ,000 in certaimm small areas. For recre- Basic Data , Sotutheast River Basins ,” 1961. This
ational boati mmg a criterion was chosen of mini- report ss-as pre~)au’edi for time U. S. Stud y Corn-
mum depth of 3 feet to be maintained 9 years mission by t ime U. S. Dep artment of Health , Edtt-
out of 10. In general , decisions relating to the cation , aumd Welfare on a reimbursable basis.
niumber aum t f st-ale of development of water re- Criteria oh water q t t a h i t y  for s’ariotis pint-poses are
sources for recreational use were baset! only g is- eum iii time wa t t - r  (~t uah i i y  Portion of A ppem m dix
sh i gimt l y oum hydrolog ic stttdies. 12 , i ’lanning.

SECTION III — METHODS FOR COMBINING FACILITIES
In p l;. ot t  i lmg n mu It ip le-pumrpose reservoirs , the and ant  opt im uumi m schedtu le of operation. Factors

I t s t ia  1 ira ( I i  ( e is to d o o  usc a site a 11(1 hure l I in i nat - )- u s-uI s-ed a ic St a gt - -a rea and stage-t a pad ty curves
sue of res( ’r s-(iir and to go t h rou gh time op t ’r ;ut iouls of t h e  h 1r~ h)( ise ( l r est ’is-oir; l im mm i ts  on resers-oir
on paper sv hm k -li ut ’ h ) u -( ’ scu ut i mi g im am id loss’ im m il ows stage : st - hie dumlt ’d , u s m a xin iu mum i .  antI  i m m ium i umuun i  release
at t t l h i l u l i l t t ( I  r eleases. By su(-ccssive approxima- r atd - s for various h)utr pos t ’s: a realistic frequenmcy
t io lu s , t in ’ P’ ~ ess t oui vem gc s tin an opt inmum size d i s t r ib u t i ou u  of iumllosvs: aimd proper consit ierati oiu
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of full-range streamflow forecasts, which are required for fish and wildlife and other purposes.
necessary for effective reservoir operation. Maximum releases are limited by possible down-

The procetlture is one of reconciliation of van - stream flood damages. For hydroelectric opera-
ous needs for water anti storage space, and antici- tion , the most economical scheduling is for in-
pated available water. Those who use a reservoir termittent releases.
for recreation prefer that it be operated within Because of limitations of time and data for
a small range of fluctuation , whereas operation planning, the Commission made no detailed
for hydroelectric power production necessitates operation studies. A first approximation to reser-
drawdowns in amounts vary ing with the particu- voir sizing was macIc for several sites , and a
lar reservoir. One way of resolving this difference second approximation was made for some of
would be by scheduling power drawdown at a these in two systems. Before the plan is imp le-
time of year when recreational uses are at a mini- meimted , more detailed work will be required.
mum. Experience with large multi ple-purpose For large structt ires , intl ivit lua l sites were con-
reservoirs in the Sotmtheast has shown that , even siclered , and in most cases, it was necessary to
in the absence of advance planning for recrea- estimate average ant! extreme flows by interpolat -
tion as a primary purpose, tremendous recrea- ing from nearb y gage data. For small structures
tional uses of the reservoirs have occurred. These in the Piedmont and Blue Ridge provinces ,
uses have , on the whole , been satisfactoril y corn- which are not includet ! as individuall y enumer-
patib le with the primary purposes such as flooti ated projects , it was assumed that sites ss’ith
control , navi gation , anti hydroelectric power. generalized characteristics would be available
Minimum continuous flows downstream may be wherever needed.

SECTION IV — SPILLWAY CRITERIA
The safety of any dam , regard less of its pur . estimate of cost. According l y, a generalized ap-

pose, requires a spiliway which can accommodate proach was used by the Commission for planning
floodflows. Dams whose failure would be costly, sp illway capacity. Based on examiumation of exist-
either in the loss of the dam itself or in loss of ing criteria , imistorica l storms, anti floods , a set of
life or serious property damage from the sudden envelop ing ctmrs ’es ss-as den s-ed. These curves are —

release of the stored water , require large and sho s sut on Figure 3.20 of t lmis A ppent iix . Because
often expensive sp illways. it was not expedient to route a design flood —

Inasmuch as two large rainstorms and restult- through each prospective reservoir for a wide
ing fl oods can occur in rapid succession, as exem- range of dam heights ant! sp illway characteristics ,
phified in the September-October 1929 storms in the curves of Figure 3.20 simow a range of values
the Southeast River Basins area , it must be as- for each major physiograp hic province.
sumed that storage below the sp iliway crest may The range of values within  the pair of curves
not be available at the time of the spiliway- for each of the physiograpimic regions provides
design flood. The onl y storage would be in the opportunity to express t!ifferences among sites
prism of water above the sp iliway crest, with respect to storage , location , type of sp illway,

Spil lway design requires careful stud y of each imp ortance of the (lam , and damageable values
structure and a degree of t !etail neither war- dowm,stream. It  will  be seen from tIme p lotteti
rante d ! nor possible in preliminar y planning. p t i im m ts in Figure 3.20 aumd from consideration of
Such p lanning requires onl y sufficient detail and criteria commonl y used for important structures
precision to make sure of the physical feasibility that time p l au m mmi u mg criteria correspond to conser-
in terms of gross dimensions and to provide an vative tlesign criteria .
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PART SIX - CONTRACTS AND AGREEMENTS
Introduction pared at no cost to the U. S. Stud y Commission.

To assist in plan formulation , it has been It was suggested by the U. S. Geological Survey
necessary to gather ant! interpret basic hydrologic that the Southeast River Basins be used for the
tlata. Recognizing the neeti to take advantage of pilot region for the Survey ’r 1960 water use report
agency know-how and to work effectis ’el y with ant i pros’it!e the U . S. Stud’ -’ Commission with an
limited time and staff , certain basic data have advance copy of it. The report gis’es 1960 water
been prepared by cooperating agencies at the use by bas i n , purpose, and ph y iograp hic region;
request of the U. S. Stud y Commission. The fol- anti distin guishes between withdrawal and con-
lowing list , by cooperators , describes briefl y the stm uhtpt is’e use , and surface and ground water
work done in comp iling and presenting such data. source. With cimanges in some of the estimated

values, the material was later published as U. S.
United States Geologkal Survey, Geological Sun’ey Circular 449 .

Department of the Interior A report, Th e Yield of Sedimentary Aqu ifers

A report , Some Notes on the Infl uences of of the Coastal Plain , Southeast River Basins,
t dated 1961 , consists of 90 pages, 13 fi gures , 6

- I Water Resouuces on the Economy of the South-
tables , and a bibliograp hy of about 20 items. Theeast River Basins, was prepared September 1959.

The report consisted of 24 dittoed pages and 9 report was prepared for the U. S. Stud y Corn-
mission on a reimbursable basis anti has beenillustrations and was prepared for the U. S. Stud y used as a source of information on ground waterCommission on a reimbursable basis. It was
movement and for perspective in consideringbased on immediatel y available data and in-
ground water withdrawals.volved no anal ysis. For each physiographic pro-

vince , the occurrence of ground water and its United States Weather Bureau,
relation to stmrface water were described. Aver- Department of Commerce
ages and extremes of flow and present develop- The Weather Bureau stmpp lied at no cost
ment and problems of surface water management cop ies of unpublished streamfiow forecasting pro-
were given for princi pal streams. Time report was cedtures , hydrologic maps, anti relateti data.
given to universit y economists cooperating with
the U. S. Study Commission for their informa- United States Public Health Service, Depart-
tion and ss-as used similarly by Commission staff ment of Health, Education, and Welfare
members. A report , Water Quality Basic Data , Southeast

A report , H y drolog ic Cha u-acteristics of the River Basins , dated 196 1, is a 1 95-page summar-
Southeast River Basins , dated 1960 , is a comp ila- of water quali ty - data consisting largel y of tab les
Lion of 385 pages , 176 illustrations , and 58 tables and maps. The comp ilation includes all avail-
t !escnibing the flow characteristics of the South- able physical , chemical , radiolog ical , and bac-
east River Basins streams and ground water geol- teriolog ical data for both grount ! and surface
ogy, availabilit y , and qua l i ty  for the major water in each of the eight Stutl y Commission
aqu i feru , .-~ bibliography of some 40 citations is basins. Time report ssas prep at-eti on a rcimburs-
included. Mu ch of the information in this report able basis ari d was t l ist ribu t etl  to cooperatom’s and
is stimmaritet l  in Part l hree of th is Appendix. staff members anti used in p ianniumg projec ts and
The report was prepared for tim e U. S. Stud y Cons- 

~~~~~~~ wimich involved water qual i ty - .
mission on a reimbursable basis and was distnib-
uted to cooperators ant! staff members and used Other Agencies
i t t  planning  water -orientc (l Proj ects and programs. Other agemu - u ’s engaged in land ati d water re-

A repor t , J ’r t ’lum,n a u-v Es t imate of Water Use soturce des -ci op nmetmt , b otim State :un d Federal ,
in Southeast River  Basins , 1960, consists of 23 f ur imishm e t l  dat. ,  wimi t h ss’t ’ut ’ used in various stut!ies
pages , inc luding  I nm :tp and 9 tables , antI Was I sle- :uist i its the prepat ati o tm (if this Appendix.
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PART SEVEN - NEED FOR DATA AND RESEARCH
Introduction respect to obj ectivel y defined physiograp hic pa.

Observational programs generall y have the rameters , such as direction and steepness of
purpose of showing or measuring the local effe cts station exposure and whether the station is in a

imollow or on a plain or rid ge. Similarl y, withof certain structures or practices , or of covering
the country with samp ling stations in a pattern strea mfiow , recent regional generalizations take
that allows no large blank spaces. Data gathering into account climate , watersheti shape , and geol-
programs, unti l  very recentl y, have usuall y had ogy ant! not merel y the size of drainage area.
the objective of showing little more than the A still more refined anal ysis has shown promise
time, spatial and frequency distributions of sin- in the New Eng land-New York Inter-Agency

gle elements such as rainfall , or streamfiow, or Comnmittee anti Delaware River Basin studies in

ground water stage . ~~~~~ not onl y physiographic parameters were
In general , the gathering and anal ysis of data uset! for int lividua l elements but also the elements

have been process-oriented , with emp imasis on themselves were coordinated. For examp le, the
; instrumentation and methods—how to, rather average annual rainfall pattern anti the average

~ ~ than why. Public works agencies have arranged , annual streamfiow or runoff pattern were derived

~: ~ in a few instances, for the data gathering agencies together , so as to represent a consistent portrayal
to collect coordinated data for special purposes of their relationshi p. This is a new approacim

which requires interdisci pline and interagencysuch as design of spillways. Rarel y have hydro-
logic data been observed and anal yzed for the cooperation. A nationwide extension of this type

of anal ysis would provide a most useful base for- 
- deliberate purpose of planning for resource de-

velopment. Anal ysis and interpretation are fre- water resources planning.
quentl y made by agencies other than those

Relations of 6round Watergathering the data. However, this has been done
to Surface Waterby the Tennessee Valley Authority on the Beech

River Watershed in West Tennessee, an area of A corollary to the coordinated anal ysis sug-
300 square miles, and ot}”~ tributary watersheds. gested above is the need for better understammdin g
The success of this and other similar programs of the relationshi p of ground water to surface
has amply demonstrated the desirability of hy- water , particularl y in regions such as the Coastal
drologic data collection and anal ysis as an ins- Plain province of the Southeast River Basins,
portant part of total resource development, where the distinction between these t ss’o cate-

There is growing recognition of time need to gories of water is largel y academic , yet where
gather data which relate one element to another planning must be done. At present , much of the
and which sample physiographic and other pa- plan is contingent upon a more detailed investi-
rameters for purposes of regional generalization— gation to be made in the design phase.
not only of data but of relationshi ps.

Drouth Frequency-Area-Duration Regime
Average Annual Values The Corps of Engineers, with assistance from

An important statistic in planning is the aver- the Weather Bur eatm , has published a comp ila-
age annual value of rainfall , runoff , evapo- tion of storm ra infa l l  data which tlefines for
transp iration , and other major elements of the imundreds of large storms their duration-area-
hydrologic cycle. A regional generalization of depth clmaracteristic s , Tlmis is an examp le of
rainfal l  alomme could be prepared by interp olation pturpose-oriented tiata processing. The purpose
of tlata gathered at a sufficient number of points was the t !evelopment of flood control sp illway
—merel y by drawing isolines geometricall y. Re- capacities. A sinsi lar type of compilation could
cent refinements take into account not onl y time be made at the other end of the water avail-
location of stations but also timeir exposure with abi l i t y  spectrunm to t!evelop a portrayal of time
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drout im intensit y ’-area-fre que n cy - -duration charac- sm u m all  wat er sl ieti s . For large watersimeds , methods
ter istic s of time t 1mm it et ! States. Stt ut l ies of this type of the \~‘cat Iuer Bu m eau , C orps of Eimg iu i c - t s , and
h ave beets nuade for the Tennessee Valley Au- J3uur e :iu of Rt -clan iation are available over much
ti m o t i t v  atm d in a few ot h er areas , of time l, u m itc ’t ! States. Thest- au-c based laig ely on

Rainfa l l , soil mfl (ui stture , ground water  stages or cubs eu s  e !  data but  rarel y for drainage am ea s
artesian pres~u u u e s , and stre anmilos s ’ are all used st itall er t lma im 500 s iuar e m suil es. ~I ’ime Soil Conser-
a-s tlrotuth measur i’s, Relitmetl ra infal l  funct io ums s - a t iouu Service u~t - s meth ot ls which requ ire knowl-
of various ki imt! s have been related to soil mois- edge of agr i c tm lt tura l  sci euuc e s b r  dcterm uu i n g
tore aumt! are bei umg uset ! itm forecastin g stream- lan !-use immf !u en ces oum runoff for foot! rAe ven-
f loss’ aimd for ~) lann in g supp lem’n em ital  irri gation . tion ant! tl r a im m a ge for relativel y small areas.
Ceneral ized funct ional  relat iormsh ip s c alm be es- \ side Irons tlee(i to re fin e and achieve agreement
tablishet! an som mg otimer elements of time hy-dro- oum p lm ) sica l re latio n s imi ps, there is time rueed for
log ic cyt le fom similar purposes. gener alization for co imsist e imt p lammning.

Draft Storage Frequency Generalizations Generalized Unit Hydrographs
In a water supp ly problem , one of the methods -\ corollary of the need to generalize rainfal l-

of ascertaining time amount of storage required r u umo lf  re l at ionshi ps for small areas is the need

‘ 
is mass-curve anal ysis. This can be generalized for geul era li/ c -( l sy nthetic un i t  grap hs for small
it-i the form of draft-stor age curves , as was done au e a s . luu  the Corps of Eng ineers project Clt ’-153 ,
for the 195-1-56 ( !routh , and for the 10-year Sumy t l er ’s method has been app lieti widel y, and
7-tiay low flows , ishich were used in Commission such methods coiult ! be extendeti for gemiera l use
planning. A further refinement woiult l be corn- in planning.  The Soil Conservation Service
pletioim of the frequency spectrum of the draft- methoti of t!esi gmm hy-drograp h computations is

_ t storage curves. Then , instead of arbitraril y se- easil y extended to the development of uni t
4 Iecting a 10-year , or a 1954 base f or  planning: graphs.

an o 1)timuns can be chosen along the frequency
scale in time li ght of economic anal ysis. Prepar- Generalized Reservoir Routing Methods
i ng con s is tent  and valid reg ional generalizations As the tmumber of small dete ’-ution reservoirs
of t !raft -stor age -fre que umcy relationshi ps ss’oult! increases , a Imeet ! ss’i ll arise for ro t mtiu m g floods to
tmot only be stmperior in qua l i ty  to improvising detei mium e their aggregate effects over extended
on a site-by-site basis but  also in the long run distances . I ri steati of laborio u sl y working up in-
wo ult! 1r obabl y be less total work. d iv idua l  rou t ings  for each reservoir , it would be

u s e fu l  to generalize , possibly in terms of gen-
Flood Volume Frequencies em - a li,ed r ecd ’ss ioum curves , to reflect uiot onl y the

Much work has been t!one w i th  flooti fre qu en - at-t u m mm u u la t iou u  of un coumtro ll ed t r ib it tary iu mf l ow
des. Btu t nearl y all time work has been related w i t i u  i u m t  n -as i tm g  d i s t amo  t!owulst.c am horn the
to peak flows instead of volumes. For plaiu tmi u mg -u- u  i i i  h t i t  ilso t u e  1) ea k- flat R u l i n g  c f f e -t  of
storage , it is necessary to know time vol t u i mme uum i m a u m u i t - l  s t t  1 .uge . l ime t t (  ussion ( u umv u ’ s  nui glmt re-
addition to the peak rate. Time Corps (if Eimg i- i lt ’ t t Ii , t i a r ac  m et  1st s of a m ious fre que mmcy cri—
uu eers has ti emoimstratet i , ium sanip le dr a i i m ;t g - t e l  i. i Si t  uu ..ge. t i m , !  0111 flow curv es t if  time 1-eservoir
a reas , how frequency nmethot ls cats be app lied to uu d  . u I s  thy  I l i t u t  !l iu . u  u . u c t c l i s t  Os of t iu t ’ 00(01]-

flood voltimes for a range of dtur a t i ot u .  How -vut  - u u lcd m m  - .i dusv i m s t u& - , uum m . Sudm ,u gt’u m e ua l i i a t  ion
the number of sam ples is too snual I for regi oma I ss t u 1d l~ i u u l i u l i u l  lot p I t  uu um i ug.
genera l iz ation. An extension anti refinem en t tu f
this work woult! l)rov i(it’ a goo ! basis for ~st~- Production Functions
mating storage requ irenue us ts in tumugaged a te as  l’u od t o i i  ti m hi tut u i t  mum is a tcrnm used by’ ecoum-
anti  wotui t i  provide ii c o m l s l s t c ’ m l t  set of (- 1- i t e l  i i . omis t s  , u u i i  u i t l u - i s  ium i ’ e h ’u uiumg to dii- me la t i o us s imi p

iietwt ’t u i t ime a i m i o u u u m u  of ss’ater ~u u m ( l otimer re-
Generalized Rainfall—Runoff Relationships s ul um es u sed itt p i o t i t i c i u m g a gis elm n-sti lt. Time

R a inf a I l - r umr u o ff  i-elat ion siiip s are needed o u t  a s ’iut si i t t oF time art of w. i ic t  n - s t m t u r ( t’S J ) lat m .
geum era l i ted basis for atm incteasing imtummm l )cr of uui im g titm u its m im e a lu lm l i ca tio u m of t h i s  tet umu ui qmue
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largel y to expressions of subj ective jud gment. There might be some economy with a Continuous
As an illustration , it is convenietut to discuss a scale and a more rational basis than with broad
possible production function for supp lemental adjective categories.
irri gation.

Irri gation in a humid region is part of a corn- Operations Research
t piex of measures for ensuring a crop and for Operations research , such as that stemming

increasing y ields. Irri gation alone is not as ef- from Water Resource Seminars at Harvard Uni-
fective as when combined with some opt imum ver sity , has as yet had relativel y l i t t le practical
a nl otui mt of fertil izer , pesticitles , seet!ing rate , and app lication but shoult l be continued. In plan-
other factors. ‘~I() determine the op t inmum corn- ning, much reliance is often placed on jud gment
bin ation of these factors , a mult iva riate anal ysis — not onl y as to the magnitudes of pertinent
would show its jo int effects on crop yield. factors but also as to the manner in which they

Another examp le, to illustrate the util i t y of are combined to make a decision. A disci pline
a production function in water resources plan- and procedure are necessary so that jud gment
ning, is the relation of fish and wildlife benefits can be distinguished from other ingredients that
to streamfiow regime. Certain changes in stream lead to decision making, so that reviewers of a
regime are known to damage fish and wildlife p lan can evaluate the consitlerations instead of
habi t at , and t i m ough t has been given recentl y to merel y’ the conclusion , and so th at new planners
ar t i f ic ia l l y improving time habitat  through stream cams be trained systematicall y- irmstead of requir-
regulation. Questions to be answered are the iusg years of experience. Such research would in-
amount of storage and kind of control for the clut le evaluation of forecasting and of proper
best habitat  anti the effects of lesser or different balance between data ant! anal ysis for regional
type of stream control on the quality of habitat. generalization.
0

~
1Y by evaluatin g type of regime with habitat

can the optimum type of control be achieved Federal-State Cooperation
for best results , and in coordination with other Some Federal agencies have authori ty to ac-
neetis for river regulation. Much more has been cept money from States to make special observ~-done ss’i ’i; relation of habitat to water quality tio tms. In this way, special local r equirement s can
than tc .~ - ‘ of flow or to seasonal variation in be met and thc local beneficiaries properly share
stage. a nmajor part of the cost. Otiser Federal agencies

do not have this authority, and seriou s prob-
Spillway Criteria for Intermed ate Size Dams lems arise where there is a local neet ! for special

There is an unexp lored area in the sp iliway observations or services which require stanti ard
methods or im mstrumen t s , yet the local benefici-criteria for structure s too small for consideration

of the maximum probable floodl yet too large aries can onl y press for favored allocation of
for any frequency criteria that  can be defined fedet -all y fina mmcet l programs. It  would further
by existin g record lengths. Most flood frequency the hyt!rologic basis for p lan imin g , if au t imor i ty
methods emp loy distributions that have no such as some ageumcics have was extended to
asymptote , yet there is a ceiling imposed by the other Federal agencies.
conventional maximum probable flood. This is Wafer Quality Studiesa difficult problem , and it involves many (lis-
ci p lines , yet it must be faced. At present , the Much of time foregoing tliscussion of need for

t iata anti rese~urc iu wit im respect to avai labi l i t y’  aum Llburtle n is placed 0mm some atljective hazard cate-
gory with corresponding design criteria , su ds  as ma nagen seumt of water  app lies as much to qual i ty
half or three-fourtim s of time maximum probable. of water as to q t uan t i t y .  It  is important  to nmai u m-

ta i ru  a (-( smut i n t u in g  progra m of tick! observation
I -t t ie ‘ ‘ t n t  S in ton tm;m Ne thxft I’’ is tmerc imso l U> meats a ntl Ia 1) 1 mr ~ or) - aus a I ys is of q tua I i my of su m rf aee and

the mo sm sescre lIoo,I w i t h  res pct -t mm (too, ! peak ( l u s t  ma y ground ss’ater. l ime effec t s oms wat er qual i t y  ofbe m - x p e  led front a wm t , imt i tuio , i  of h u e  m ost r i ( i  a!
uneteoro !og ir at  c o nd imi , , r i s  t h a t  are ucasonabl y possible m t t l t i p le ptmt’pose projet -ts am m ( l  other programs
on tin’ dra inage  ! m ; m s I m i  - I I  sd romu met -i m-ologh ml Rep o r t  ~‘~ it . whi ciu use or a ffet -t water qual i t y -  s imoul d be ex—33 by the W i- ,m mlmt-u - I lmuu -caui  gites uhe bas is for ‘‘sl ima uiu m g
the  t l isdua r ge of su it  It a ftt ~~d.  ~u t m ui t ied  in time u r o  (‘ss of’ pi~ n u mi n g  815(1 design.
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PART EIGHT - BIBLIOGRAP HY
Introduct ion 1’ . S. Weather Bureau. Techni tal Paper ‘Va . 40 , Rain-

f a l l  F requ enn it/ as  of the ( ‘nited States , ~Va shin gt on,
An effort has been made to stud y every pub- D C., 1961.

licatio n which would be hel pful in supp ly ing L ’ . S. Weather Bureau. H y drometeoro log ical Rep ort No.
I I, ‘~ea.soii al I ii i a / i o n  of  / he P r o/ui b/c ,St axi s, ,  u,n Pre cip i-data or methods for (I) evaluating the climatic t a/ i on  Ta i l  of the i0~ lli ,S t r i idian , Wa shington , 1). C..

and water resources of the stud y area; (2) under- ~~~~~

standing the status and operations of existing l~ ~~. Pt ub lu  1-Icaith Scrskc . Water Quality Basic Data ,
So ul lu-a it liii e~ Ito s ins - 1961 ,

projects , programs , and investi gations; (3) as- 
~ ~~. ~~~~~~~~ S u r v ey .  The Yield of Sedimentar ’~’sessing present and future  water use and prob- Aq u i f e r s  of th e Coast a l Plains , Southeast River Bas ins ,

lems; and (4) examining criteria and methods J oseph r . Ca l lahan , 1961,

commonl y used by agencies in planning and Methods, Programs, and Crifer amanaging water resources. Several hundred scien- of Federal Agenciestific papers , professional reports, data cnmp ila-
t ions , agency manuals , and other sources were Methods and criteria of the Corps of Engi-
studied anti are cited on cards in the working fleets and Soil Conservation Service are given in

many volumes of eng ineering manuals , hand-papers of the Commission. In addition , much 
books , ant i other g •des. Jn addition to theseopen-file data were made available for stud y.

Much of the material examined was digested in sources , the Gorps 1~~~Eng ineers , for examp le,

a way that would make direct reference m ap- has reported on investi gations , of which the fol-
lowing publication is cited , Storm Rainfal l  inpropriate. In many instances the development t h e  United States , Washington , D. C., 1945. Aof information required examination and weigh- useful summary of Federal agency programs re-

ing of selected portions of several sources. ferred to in preparing this Appendix is the re-

~~~ 
and the various prints of the Senate Select

Basic Data Committee on National Water Resources, Wash-
Published data are available generall y in pen - ington , D. C., 1961.

odicals of the U. S. Geological Survey dealing
with surface water suppl y, quality of surface Scientific Professional Publications
waters , water levels, and artesian pressures; and Many or ~z’tti ons publish results of investi-
in the U. S. Weather Bureau publications on gat ions rel~~~ J~) water resources development;
climatic summaries and local climatic data. Such the American Society of Civil Eng ineers and the
data also appear in various other compilations American Geophysica l Union are particularl y
and summaries of these basic-data agencies. noteworth y. Papers of these organ i/ati ons which

$ 
In ~I(I(litj on to the basic data and summaries , were used directl y in this Appendix include the

these agencies have prepared analyses and inter- following:
pl-etat ion ol data , some of which were speciall y Journal  ot (.cop hscisai Researi h of the  Aisse t i t a n  Ceo-
pertinent to this Appendix and are listed below, physical Union. h ater Deficits  and irri g ation Require -

I nen ts  in h i s , S o u l / i c ,  ii t ‘fliti d ,Sl,,l, s - van I5a ~ ci , ( .1 - J .M. .
I . S. (~coiogica 1 St i rves . ( , SGS Circ u la r No. 449, Pre - Nit 10 . i9~9.

ibm nar y  Es/i  b ate of Water ( s e  in Soul  beast River Basins [ransas ti ons , t i i ic ri( an ~,iii iCtV ( i f  Cu ii i’.ng inecrs ,1Q60 , Washing t on , 1) . C; ., 1961.
F loo d. (;o,i tr o l Op eratio n of ten  b i e s see  I a/ icy -i uth ori ls .U . S. Weather Bu reau . lte.s earc h Pa per N o , 3-I . Pre dict. Re servo ir-, , Ro t t e r , Edwaid J . , l’apv i’ No 2443, v. 116 ,ing t h e  1/usia /I  f r o m  Storm Rainfa l l , Washington , 1) . C ., 1951 .

U. S. Weather Bureau . Technical Pape r No . 36 , Nort h
Atlant ic  ‘Trop ical (:veiones , S’t ’ash in gto n .  ~~~. C .. 1959. State Publications

1 , 5 , Weather Bu r eau .  Technical Pa / a r ‘s o . 17 , Evap o- States in the stud y area publish bulletins , cir•rati on Slaps f a r  h u e  I ‘su ited ~s l a l e s , Wtt~ltingson , 1’) . C.,
1959. ‘u lau s, reports , and newsletters through their ag-
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ricultural experiment stations , water commis- Resources and Hydrolo gy of Southeastern Alabama , 1949,
sions, and other organizations. Some of these prePared cuoju .r atively liv U . S. (;colog ical Survey .

Florida Water R esou rces Stud y Commission Report topublications are periodicals , such as the Georgia the (;overnor of Florida and the  1957 Leg is lature , Florida ’sltslj neraj Newsletter , and others are the results R a t e r  Resources , 195/h
of special investi gatio. . Examp les of noteworth y Georgia Department of Mines . Mining,  and Geology’,
State pu blications follow. (.eorgua Geological St ut -ve y Bu l le t in  No . lbS . The Avail-

- 
abil i ty and ( i s  of Water in Georgia , 1956 , prepared co-(.eologscal Survey of Au abama , Special Report 20. Water operativel y by U. S, Geological Survey,
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FORE WORD
This Appendix supp lements the Report and (9) the development of recreation;

the other appendixes by setting forth the back- ( 10) salinity and sediment control ;ground data of the engineering studies , the
standards used , the procedures followed , and the ( I I )  pollution abatement and the protection
costs determined as a result of the studies, of public health; and

This Appendix is presented in six parts. Part ( 12) other beneficial and useful purposes not
One gives the basis for the engineering studies specificall y enumerated in the Act.
and a brief descri ption of the stud y area from
the eng ineering stand point. Part Two deals with The comprehensive p lan for the Southeast
the general geology of the Southeast. Part Three River Basins was formt il ated to meet the needs
covers map s and their uses; Part Four describes of the area for lau d and water resources devel-
such engineering procedures as site investi gation , opment to the y ea r  2000. Projects and programs
site selection , and design; and Part Five presents existing and under construction in 1960 are in-
the bases for cost estimating for various purposes , cluded its the p lais . but onl y I 960-200() develop-
the sources of data , and devices used. Part Six ments are anal yzed.
summarizes estimated costs by purposes and by The plan for the development of the resources
basins. The matter contained herein is pertinent of the Southeast River Basins is the result of co-
to the comprehensive plan. The reader is urged operative work of Federal , State , and local and
to consider the Report in the aggregate rather private agencies having interest in the arca and
than to consider selected material out of con- knowledge of its needs and requirements. Public
text , hearings were held earl y in the planning process

The Report of the United States Stud y Com- to obtain firsthand knowled ge of conditions and
mission summarizing the plan for the Southeast problems in the stud y area and to secure sug.
River Basins was made in response to the pro- gestions for their solution. Throughout the stud y,
visions of Public Law 85-850 (72 Stat. 1090) liaison was maintained with  interested groups
dated August 28, 1958, which established the and agencies by means of conferences and corn-
United States Stud y Commission , Southeast River mitt ee and advisory group meetings. When a
Basins. Public Law 85.850 is reproduced in Ap- tentat ive plan was developed , public presenta-
pendix 13. tions were m ade by the Commission to inform

The authorizing Act provided for an inte- interested persons and organizations and to re-
grated and cooperative investi gation to formu- quest comments. These comments were consid-
late a comprehensive and coordinated plan for: ered in preparing the final plan and Report.

(I)  Flood control and prevention; Althoug h many individuals , groups , and agen-
cies have partici pated in the studies , the Com-

(2) domestic and munici pal water supp lies; mission takes full responsibility for the plan
(3) the improvement and safeguarding of and for the proj ecuot~ , assumptions , and anal y.

navi gation; ses on which it is based.
(4) the reclamation and irri gation of land , The Commission plan for the Southeast River

including drainage ; Basins is supported by data contained in 13
(5) possibilities of hydroelectric power a~ d appendixes. Data on the plan for development

industrial development and ut i l izat ion;  of the resources in the eight geograp hic areas
studied in the Southeast River Basins are con-(6) soil conservation an(l ut i l izat ion;
ta m ed in Appendixes I through 8. Technical

(7) forest conservation and ut i l iza t ion;  data and informat ion app licable to both the en-
(8) preservation , protection , and enhance- tire stud y area and the several geographic areas

ment of fish anti wildlife resources; are contained in Appendixes 9 through 13. The

‘ I I

-.____________________ --



- - - ~~~~ 

appendixes to the Commission Report are as Appendix Title
follows: 7  Apalachicola .Chauahoochee-Flint

Basins
Append ix Title 8 Choctawhatchee-Perdido Basins 

Savannah Basin 9 Economics
2 Ogeechee Basin 10 Hydrology
3 Altamaha Basin 11 ENGINEER iNG AND COST
4 Satilla-St . Marys Basins 12 Planning
5 Suwannee Basin 13 History and Organization of the
6 Ochiockonee Basin Commission

iv 
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PART ONE - INTRODUCTION
In t aim’ s i ng out the purposes of Public L a w  I Ii ;, ii From 

~~~ 
ia I grub ig it  i nv t s t  i ga l i t  in s at proj _

$~~-S~~l) . engineeri t ig am id I I 1st e s t imat ing  stisdics t i  I s i l t s . P i t  )j Ct t las t  i t t  t at it l  design lol It tweti
were made h~ both the Commission aisd cool)— 1 , s n v e t *t i o i m a t  l i a t i t r u s s . Fst inm , s tes  wer e genera ll y
crating agencies to formulate , evaluate, and se- based ois ( Osis  ul s imi lar  wor k in th i s  are.* wi th
k-ct proj ects and ~ffog r~tn1s lot- inclusion u s  the i t su d i f k a t i o i s s  as i i t t  ~~~~~~ V t t )  S t i l t  conditions at

comprehensis-e P1”~~ s i l t s  cosssi t t t - t  ed and lot adju s tment  to the  J anu —
A h i gh degree of accuracy in eng ineering in- 

~~
- 1960 10 ( 1 -  I t s- e l adt i 1ited .

ves t i ga t i tu ss , w i th  the t ime and expense mmeces- The st t i dv  at ’ t-a }) ie S C t i t S  a favorable picture
5 . 5 5 5  to . s t t a i t m  i t . is not w,si’ranted for .s stud y of ti ~ ~lw eng i tmet - r i n g designer ai sd the  constru ct ion
t h i s na tu re .  1 he engineering l)5o( t~ttt tr es used . - -  . .

engi fleet ’, exce} l I ut h) t i  tida t tOl l condit ions in
re f lect th i 5  pt ) li ( ~ in mans ’ instances by u t t l i zing - -

- 
- some areas . ( .oisst r uct  ion ma t el - i a  Is al-c generall yexp er lctsce curves atul  other sho i’t- cut t ite thods - .

- - fou i i t l  w i t i m i t i  i ’ t - ,sso nab lc distances and the tra ils—in general  Use for t t - conhs a lss ain e s tudies .  In
I sost- cases where mote detailed dt-si gns at md ~it >11.11 iois Oct w in  k is at ic qt ia IC for dcl ivel y to

t - s i i t l i a l t s  were .ss . s i la b le  us coult i  b~ ie adi ls ob— h Oi st s l t t , s . I _ a bu t- is as’. i i Ia I ) l t  at  w age m a t e s  he—

t. i j t mt - tl , t i l t - S w e s t  t i s e t i  it s the st tidies. 
‘ lo w t ht - t ‘ is ited States average , and the lack of

lii gets t - r . s  I . in Fotmis s t ion on subsurface i i i i i  i- cx t ie h sic to ld  wea lit -i- ermi I s  ~ear-r ound con—
— t i ’ ) l l s  waS obtained h’ons ava i lable data i a t h c i  Si l ’ t i ( ’t i t ) i l  a c t i v i i \ ’ .

I—I  

—  --- -~~~~~~~~~~~~~ -~~~~~~~~~~~ - ------- - - - -



PART TWO - GEOLOGY
The as t .s of the S1 in t h e ist  Rises’ Basins i n —  t j o t s  m i i  k is Isa t d and soil nd and . except for local

I odes poi’titst is ts l t h ire maj t i r  gel dog ic provi net ’s. ~ i i t s  t 15g. 1( 1111 i t t - s  a nsi i m ins um ol remedial treat—
the Blue Rid ge, t h e  Piedmont , ati d t h e  Coastal l i l t - l i t .

P la i ts .  i’he rot-k u n d e r l y i n g  t h e  Coastal Plain is
The Blt ie  Rid ge proviiice extends 0111)’ a short ns ar i t se  sediment  s - a ss  ing Irons the oldest , or

d i s t a i st e  it sto the nort h ern portion of die s tud y l’i iscalt iusa fortn a t i t i n , at th e contact w i th  the
a se a - -  ~s part of the A1palach ian Mot im s ta in  l ’ietlmots t , t h so t ig h Ist ’ ( igt’essisclv youngei- sedi—
chain , it is un de t ’ I a i t s  by hi ghl y met amorp ho- mflc t s ts  toward the , t t l an t i t -  Ocean and t h e  Gulf
si zed qt m ar t t i t e s , 1)h y l l i te s , gneisses , schii sts , and (II ’ Me xic (s . ~fl~e ma te r i a l s  s’ars from uneonsoli-
other omp lex metamorphi c rock. The risers dated sai st is  and class throug h i)ar 1i~1hl\’ consoli-
has-c its cised deep s-al ley s in this rock , pro s’iding da te t l  sa s i d st on t - s . c l as s tone s , and s’arious tex-
excellent damsites , some of which has-c alread y tu m’ed l i t mi e s t ones  . . -~r -as of h a i t i  l imestone are
beeti des-eloped. Sonic weathering and j o in t ing  mostly locah i ,t -d.  Be -at ise i i i  the broad r i se r  s’.sI-
t ) f t he bedrock is normal I’. eticountered , but  such - - -l i ’s s - (lam coils t i -u ct t ots  in t isis a tea  req n i res long
fo uis t ia t io t i  defects cats be corrected l)V ctis- -

ear th  t -ns l s ankt i s e t s t s  to t ic  t h e  r iser  sC ’t iO t iS of
U it s i ar v good foti odation trea ttuets t pi’ot’t ’tlttm’es .

- . - die thi ns to t h e  ;s l i u tm et s t s .  Bs’ careful  s i t e  selec-
In getser al , the rock is satisfactory b r  dam b un-  . .-

. - t o i l s  i t  is soillt’tit flCS possible tO fout isi dams ondations. .
- . . l inse st ot ie or on p ar t i a l  Is- consolidated seditnentsThe Pt edmoist pros ince is u t i der l a in  by meta- . 

-

stt ( ’Is as classtone , s i l t stone , or ch alk.  \Vh sc m c nomorp hic and igneous rocks. The nietamorp l sm c 
- 

‘ 
-

roc k is an in t r i t -ate  series t )f gneisscs. schists , and cot isolidate d t i i ;t t er ia l  can be found , s t ructures

comp lex intermediate types . The igneous rock i s - oftei s fo t t t i t t e d  on hear ing p i les . w i t h  a steel

is general is- gran i te  intrusives wi th  some minor sheet p i l i n g  ento I l  t h r o u gh the  pers’ious mater ia l .

diabase th ikes.  Damsj t es in this area , where the S1 ’ j ~i Ij , ’~~ loti t id at iot i  tr e~stt1i ent is freqoentl )-
stream valleys are wide, normal l y  require ear th  t set’es sar\ to pr~ s’i(Ie adeqt iate  dam fot indat ions

embankmet its extending from t h e  r iser  section iii t h i s  area. (~ sv ert it m s limestone fom ’mat ions

to the abti tments .  I)eep-tock weathering occuis a t e  consmnot s near t lse Gt i l f  of Mexico and for
its many I)l~t ces , reqti i ring excasat iots  to consid- t’onsidera l)Ie di stat ices t i l l  t h e  s-a l leys of the  risers
em- able depth to reach a sui table  fotsi sdation .  t - ims p t )  ing I m i to  the Gul f .  Stich format ions  re—
Wi th  tlse weathered rot-k t-em os-ed , die founda- qture extensive grout ing.

2 -I
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PART THREE - MAPS AND MAPPING
The e l i t i m e  stu d - area is covered by topo- (Jt i ;sdr :si sg les get sera l lv 5110w 50.foot or 1 00-foot

grap hic maps produced 1)5 the Arms Map Serv- t ositoors.
ice, Corps of Eng ineers , I ~. S. ,\r sssv . These m;sI)S tables 3.1 and 3,2 show j il ( Icx numbers and
are published and dis t r ibuted  for  cis - ih ia n use t i t l e s  ( if the harbor and I n t ra to :s s ta l  Waterway
l)\ t he I - S. ( ;eological Stirs i . The scale is I t ’ha rt s ai sd the  oast ( has ts  shii iw i i on Fi gutes 3.5
to 250 ,000 . about  I in~ hi = 3,9-! miles , and the ;st sd 3, 6 , resh)ect is ’eIs’ . l ’hsese charts  a le  published
contour inters -al is generall y 50 feet , w ith some hs she I .  S. ( i s t  at id (;codet ic Si t i  ses and mas
sti pp letnentarv 25-foot contours. In certain be ( i h ) t aj t l e ( i  bro iss t h e  head q uarters  of tha t
m ounta in  as c- ,ss t hse cos stot mr issters ’al is 100 feet. .ig -t u  - \‘s’.s s i s I m i g t o l l  25, 1) , C.. or from distrib-
The sheet s u e  is 2-! inches by 3-h it lches. Each S i t  i t S  s in  is .is i l s a t i t l e  

~‘~I~l~
1Y I~i , t i s&’ s  i l l  1)t ir t cities.

sheet cos-ers 10 of lat i tude and 2” of long itude.
Wootll atids are shown b~ a green overprint. Maps TABLE 3 . 1

in the 1:250 .000 scale series are designated by Harbor and Intrac oastal Waterway Cha rts
name :stsd tsumber as shown on Figure 3.1. - - — —

~ uns ber l’itk
In at id ition to the 1:250 ,000 sea he quadrang les , — -

the Geolog ical Survey is making. as a con t i t s t i i t i g  
-1 1(1 S,tv:s t i na h River and Wassaw Sound

a series of larger scale topograp hic Oss.sh.iw Soutid and St. Catherines

m aps to cover the United States , Puerto Rico , Sound

and the Virg in Lslat sds . Comp leted maps in this *~. 
SaPCIO anti Dobo - Sotinds

series which provide cos-erage in the stud y area 
,-‘t l t a t n ah la  Sound

were used extensi s-el y b) the Commission staff 1 1 7  St. Simon Sound , Brunswick Harbor

for site location atid other purposes. Under the anti Turtle River

general plan adopted , the unit  of survey is a u S  St . .-thdrew Sound and Sati l la  River

quadrang le hou nded by l)ar:lllel s of la t i tude and 153 . Fernand ina H,srbor to Kit sg Bay

tneridians of long it ude. Quadrang les covering N ,issa us Soutid to Jacksons-ille

7m/ 2.minutes of la t i t t i de  anti long itude are 1)ub- 5j 1 ,)  - Approaches to St. Johns  Riser , St.

li shed at  the scale of 1:24 ,000, 1 inch = 2,000 Johtls Riser  Entrance

feet: or 1:31 ,680, 1 inch = 1/2 mile. Quadrang les 839 Port Royal Soutid to jo lit ssot i  Ci-eek

covering 15-mitiutes of lat i tude anti long itude 8-10 Jo hnsot i Cm’eek to Brutssss-ick Rise r

are published at the scale of 1:62 ,500, 1 inch = ~~~~~ 
Brusss. i k River to N .t ssat i  Soutsd

about I mile, and quadrang les cos-ering 30-mm - 8-12 N ,sss.tu Soutid to Mantanz a s inlet

utes of lati tude and lotsg itude are published at — -. St. Ma iks  River and Appi-oaches

the scale of 1:125 , 000, 1 inch = about 2 miles. 865 St .  (;eorge Sound to Apalachicola

A few special maps are published at other scales. Bay

Each quadrang le is designated by the name of 866 ~-~l) schicola Ba)- to Lake \Vimico

a ci t y , town , or l)r omn it sent na tura l  feature shown 867 Lake Wimico to Oserstreet and St.

on it. The maps arc Printed in three colors with Jose ph Bay Entrat sec

ctt ltura l features anti lettering in black , water 868 Ovet street to St. Andrew Bay

bodies anti streams in bh t ie , and contottr h it ies in 869  St. Andrew B,i to \Vest B.t - Creek

brown. On some maps addit ional colors are 870  \Ve st 8a-  Cm cek to Choctawh atchce

used , such as green for woodland and red for Bay Entrance

hi ghways. 871  Choctawhatch ee Bay Etst s-ance to

The contour interval of the 71/2. ami i 15 Pensacola

minu te  quadrassg les varies wi th  the scale of thsc 872 .. Pensacola to Ron Secour Ba

map and the relief of the terrain. It is generall y -189 St. ,‘~t idscsv Bay

h O feet except it s the rotsgher terrain where a 190 Pensacola B:s ’

20- I I) .  or 80- l tM )t  in te r y a l  is used. The 30.minute I 13 -. Petssacola Bay Entrance
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The .-~t lant ic and Gulf coasts, including the its separate s-olumes by Eng ineer Districts and
harbors and the Atlantic and Gulf Intracoa stal the maps shown in the reports by States entitled
Waterways , are covered by charts issued by the “Water Resources Development by the U. S.
U. S. Coast and Geodetic Survey. Coast charts Army Corps of Eng ineers.”
are prepared at a scale of 1:80,000 and harbor The Commission prepared maps for prelim-
charts generall y at I :40 ,000 or 1:20,000. Where m ary use in report drafts , for such purposes as
gre:ster detail is desirable some harbor charts public presentat iotis , Commission and group
have scales of 1:15 ,000 or 1:10 ,000. Intracoastal meetings , and for reproduction in final form in -1
\Vaterway charts are at 1:40,000 scale. All charts the Report and the appendixes.
show water depths , navi gation aids , and coastal Sonic has-c been prepared by cooperating Ilandmarks. agencies for Preliminar Y and information pur-

poses. In 1959 , the U. S. Geological Survey made
TABLE 3.2 under a reimbursable arrangement a base map

of the stud y area in color , with a relief overlay, ICoast Charts which was used as the base for many of the pre-
Nussiber Tit le liminary and stu(l y- maps as well as those appear- j
1240 ,,,, ,,,,, St. Helena Sound to Savannah River ing in the Report. The Department of Agricul- I

ture furnished maps delineating watershed plan- I12-I l Ty-bee Island to Doboy Sound
1242 ,,, Doboy Sound to Fernandina tsing unt ts  and land resource areas. In a few I
1243 Amelia Island to St. Augustine cases maps has-c been prepared for the Corn- I

m ission by commercial drafting services. I1259 Crystal River to Horseshoe Point Aerial photographs have been utilized to a I1260 Horseshoe Point to Rock Islands
considerable extent in site studies. They have1261 Apalachee Bay been useful in conjunc tion with available topo-1262 Apalachicola Bay to Cape San Bias grap hic maps , particularl y those made from1263 St. Joseph and St. Andrew Bay older survey- data. The Commodity Stabilization1264 Choctawhatchee Bay Service anti Soil Conservation Service of the 1

1265 ~ Pensacola Bay and Approaches U. S. Department of Agr iculture have comp lete I
aerial photo coverage of the stud y area. The

l’sIuch of the stud y area , mostly in Alabama Corps of Eng ineers has aerial photographs of a
and Georgia , lacks coverage by any U. S. Geo- number of areas in connection with construction I
logical Survey topographic maps except the projects. These photographs, which include civil
1:250 ,000 scale quadrangles. The remaining area works project sites and some military installa-
is nearl y all covered by either 7½-minute or 15- tions , have been available for use by the Corn- 1
minute quadrang les or both. Some of it has mission. -

~

30-minttte coverage only, and some 30-minute The best available geologic maps of the South-
coverage is provided for areas which are also east River Basins area are the Geologic Maps
shown on the more detailed maps. prepared by the U. S. Geological Survey and the

Highway maps are issued by the State hi ghway States of North Carolina , South Carolina , Geor-
authorities for each State and for each county. gia , Alabama , and Florida. Althou gh these maps
Highway maps published by oil companies also h ave not been revised for many years, they- pro-
have been tmsed extensivel y. All of these highway vide a general picture of the mat sy geologic for-
maps are generall y dependable for road systems mations. Some detailed geologic work including
anti town locations but are not suitable for uses mapp ing has beets done in local areas , generall y
requiring accurate location of physical features , by students stud y ing for high e r  degrees in geol-F partictmlar l y streams. ogy . Such mapp ing is generall y not app licable -

The Corps of Eng ineers District Offices in to any proposed site. Information on geologic
Sav:s n tiah , Georg ia; Jacksonville, Florida; and data for hot-al areas was obtained fi -om the State
Mobile , Aiabama , have produced many maps Geolog i sts , who are famil iar  wi th  all geologic
for their  own purposes which have been useful niapp ing which has been accomp lis h ed in their
in the studies. These include the “Project Maps” respective States. Adequate geolog ic nsapping
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for in( i ivi dua l  s i te  studies was get setal ls  not maps were gc ise r alt s adequate for the purpose
available and should h)e made separatel y for f u r  wh i i  hi t l i l y  were used.
each site by detailed field t t sv - s t i gations. 1o l) t uvide die (u ) t i t r o l  desirable in connec-

The U. S. (;t ’tul og ical Survey made especiall y t i o t i  wi th s  a prugratn to correct mapp ing defi—
for th e C :uu t t lm n i s s t u r s  f ( l t t r  mai l s  showing lot a t i u u t m s  ( ieis( it’ s its  t h e  s tud y- ate a to reasonabl y adequate
of economically lm h sor ta t s t  deposit s of it setal l ic sta i s t la t  t h s  is t -s t it n ated by the I) . S. Geological
and nonmetall ic m i t t e t  als , organk fuels , a nd Surv -s I I I  r e qui te  more than  2 ,300 marked con—
cot istru t lion matet i.i Is . t i l  d st . I  t i o t i s  for hori ,onta i control anti about

The topogiap hiic mai s published by the U - S. I ‘~,0(I0 l i t m ear  mu iles of leveling for vertica l con-
(;t-olog ic~t l Sut -~~-s and which u sa’, be obtained tr o l . . -

~~ to t al  of about 325 man-years would be
ut otis the ht’adquar t t - t  s of tha t  ageiu y , Washing. required to comp lete th e work.
toi l 25 , 1) , C,, hao-e beets ut i l i i ed more exten- N t - a i l y  every aspect of the studies on which
sj ve h y t hma t s  a i m ’ ,  othet s . pri t ic i pall y beca use of the Report is based h i s  involved t h e  tise of maps,
the topograp hic detail shown. The 1:250 ,000 ei t h er as ~l i ( i s i i i  mak ing  the s t u h i t - s  or as a
sca le (~t Iadran g ll-s . thie on l y  tits e s which provide m eans of shiowing the resul t s . In  usit sg nsaps as
overage for t h e  en t i re  stud y area , a te  adequate aids , it h sa s be -i i tie cess,iry to consider the a t -

in 1)0th scale and unt our  interval  for litnit ed (-ura t and wmisp letene ss of the data shiown , with
purposes. Surve y s  Irons whi hi te s-isions of these h ) a r t i t Lt h ~tr a t t e n t i o n  to t i a te  of survey- , sca le , and
map s have beets made tiate frotm i 1950 to 1957. contottr i t sterv al .  The best available maps cover—

l hse 30-minute ti sap s which , in some parts of ing p ort iot t s  of t i le  s t l t ( I y area adequatel y meet
,~ l , s I u ,a ma and (;t’u rg ia par t icular l y ,  provide the n at iotsal  151:11) act t h at s standards , l ) Lmt those coy-
otils ci ust -ra ge on a stale large r th i an  1:250 ,000, erit sg tiios: of t h e  s t t t t Iv  area are onl y fair  to
arc  gent-I a l ls o c t  old, Its most (ases the date of gu uod its i e h i a b i l i t s  - However , inde pendent checks
sur o-t -o is P~’°’ to 1900 \ lany  were made from of features  c r i t i ca l  to .u t i y  pi-oject beit ig cotosid-

4 s u r v ey s  pt tot us 1896 when recontsaissance metli- emed were ~et scIa I i ’ ,  tnatle. Coast charts are gels-
u~~is wet C w i d e ly used. I)ata sh own on these 30. er a ll y kept up to date and inf ormation tho ereot s —

t l i i I l t l tC (j i lad rat ig les were used with caution and was accepted w i t h  due -onsitl em ati ot s to the
were g e t t e r a h l s  verified h~ other nsaps or by field that es  shown for soundings.
oliser s-at io n , l opograp hic maps were essential in dam and

The I 5- t i s i , mu te  and 7 t/2 -minute quadrang les rt -st-i -voir studies to deternsine drainage areas
show d .it a based for the most part on surveys and the location of structures. Relocations were
made since I ¶14 I - However , most of the 15-mm - dett ’rnsined by ref ciet ice to State hi gh w a y and
ute qu .sthrang les east of long itude 82°30’ and two t sth ser maps.
quadrang les in central Georgia are based on Maps were used to show graphical l y the ma-
s u r v e y s  made between 1909 and 1941. t & r i~t l presented for most i~ti rposes considered it s

The IS-minute  and 7m/2-minute quadrang les the ( otnnhiss ioil s tu (h i e s .  Staisdard base maps of
are generall y adequate in both scale and contour the stttd y- at-ca and for each basit s were l)r ePai-e t
interval for determining drainage areas, reser- by th i e Commission for use th irou g hout th ie Re-
voir areas , and location of structures tt) the de- pert and its appendixes. Mater ia l  pert inent  to
gree of accuracy needed for this Report. The SO- the various pu rposes is showis ls~ me:tt is of repro—
minute  quadrang les are generall y inadequate in duct iot i  of the base maps wi th  overla ys and
these respects. appropri ate rnoth ifu-at io ii s ;tmh by other maps

State hi ghway maps , coast char ts , and special speciall y prepate d.
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PART FOUR - ENGINEERING PROCEDURES
SECTION I — SITE INVESTIGATIONS

Site investi gations for specific projects were In August of 196 1, the Commission negotiated
made where economic studies indicated a need a contract with George Aase and Associates of
for such projects now or by the year 2000. Engi- Tallahassee , Florida , a consulting firm speciahiz-
neering and economic feasibility were consid- ing in the geologic aspects of engineering. The
ered for each project. Alternative means of meet- contractor provided reconnaissance geologic in-
ing the needs by either a sing le-purpose or a formation along a proposed barge canal route
mult i ple-purpose project were investi gated, following the Gulf coast from St. Marks to the

Since dams and reservoirs are prominent Suwannee River . Under the contract auger holes
among the construction projects considered in were drilled to bedrock , or to a depth of 20 feet
t he plan , this type of project is used as an cx- in overburden , in a series of cross sections nor-
amp le of site investi gation procedures. Similar mal to the canal center line. Each cross section
procedures , adapted to the purpose involved , contained three to five holes at maximum inter-
were used for other types. vals of one-quarter mile. Results were plotted

For the most part , reliance was placed on ex- on plan and profile sheets and summarized in a
isting data such as geologic and topographic report to the Commission. The report and sup.
maps, published or estimated h ydrologic infor- porting data were used as basic information in
mation , arid known conditions at nearby proj - comparing cost estimates for evaluation of the
ects. Hydrologic information included U. S. proposed canal.
Geological Survey publications such as “The Field work in connection with many site in-
.-~vai lability and Use of Water in Georgia;” vest igations was of a very preliminary nature.
“Water Resources and Hydrology of Southeast- Cursory field inspection to supplement map data
em Alabama; ” “Flow Duration of Georgia was considered sufficient in many cases. Some
Streams,” prepared in collaboration with the elevations were determined barometrically and
State of Georgia; “Comp ilation of Records of by hand levels. In the case of dam and reservoir
Surface Waters of the United States through proje cts, cooperating agencies making terminal
Sept ember 1950 ,” Parts 2A and 2B; and the an- studies were furnished general guidelines for site
nual periodical “Surface Water of the United investigations. See Section IV—Termina l Studies.
States ,” Parts 2A and 2B. Appendix 10 provides For some sites investi gated , nsuch detailed in-
more detailed information on hydrology , formation resulting from studies by other agen-

The results of extensive investigations by cies is availab le. Such information , including
other agencies for proposed construction , and report s made by cooperating agencies for other
actual agency plans for construction , were uti l- purposel , was used in the stud y.
ized in stud y ing similar sites. These data are After preliminary selection of a site from maps,
useful in evaluating foundation conditions likely and such field checks as appeared desirable , the
to be encountered , specific streamfiow character- proje ct was further investi gated by more de-
istics , availabil i ty of construction materials , and tailed office studies. Using a dam and reservoir
other aspects of the site. Agency plans for similar project as an examp le of the procedure , the
construction were hel pful  in indicating suitable drainage area was first determined by map meas-
site layouts and structure design and in esti- urements or from published data. Then areas of
mating costs, the reservoir for a range of pool elevations were

Much basic data pertinent to site investiga. determined by planimetering from available
tions were compiled during the stud y. This in- contour maps and capacitie s were computed.
cluded information on stream and soil charac- Area-capacity curves were (lrawn and layouts of
teristics and the location of transportation the Pr in ci l) aI structures ati d relocations were
routes , bridges, powerhines , and pipelines, made for selected pool elevations.
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SECTION II — SITE SELECTION

Some silt’s were quickl y eliminated by an in- posed fish ,uis d wi ld l i fe  imp oundment was  elim-

~P’~ 
tiot i  of the l,ss ou t  t u n  a top ograpt iit map or iu ia t ed  al t E l  t h e  field i t ispectiot s  I esealed that

by- considering available physical data. For ex— the site appeared to have flit ) i r’ valise in its
amp le , proposed sites on which dam and reset- nat t us - a l  s t a t e  t h a i s  it would hav - with thse im-
voir proj ects wotild cause extensive flooding of p~ unt Imet it .
urban land 

- 

or w hit  h i ir e belies-ed or known U I t  ~ possible tlsat sotn e sites which appeared
be under la in  by a ( . i% er u s o us  hiu sie stone were clearh y u t i s s a t i s f a t  t ory  by map inspection , and
ordin ari l y el imi nated, in land n. lvigation proj . were rej ected on th i a basis , would prove feasible
ects for which s t i  eamfiow records indicated that  upon more detai led inspection. Howevec , the
water was riot available for normal lock oucra- . . . . -scope of site investigation included allowance for
tion or open river nas-igatiot s were also d im- considerable margin  of error to take account of
m ated. -such a possibility.Some sites which appeared destrable and satis-

Its the f inal  selection of a DrOlect site , a costfactory by m a p  inspection anti consi(leratmon of
best availabl e ti :sta wes e hater elinsinated after a .uiid benefit cotnp arm- ;on was usuall y the decid-

field inspection. This was often because of the iisg factor , althoug hi e l iminat ion on this  basis
inadequacy of the :ss-aiiable maps , which either could take place at any ste1) in the selection
did not show enough detail or were based on process if excessis-e costs or nseager benefits were
outdated surveys. As another examp le. a pro- clearl y apparent at that  point.

SECTION III — DESIGN

Project design at eacls site considered was u r n -  were also t t t i l i ,ed.  The Bureau of Psmbh ic Roads
ited to the detail necessary to demonstrate the st ,tn t l a i t i s  anti a~)propriate State hi ghway stand-
possibility of an effective plan of development , ards were used for hi ghway-s amid brid ges. In
to give a reasonable comparison with alterna- cases whese e ;tr thfi l l s  for hi ghways were to be
tive sites , and to provide a basis for cost esti- ttscd also as in sp oundment structures , tise em-
mating. bankments were consi(iercd as earth dams and

Cooperating agencies making terminal studies were so designed. Guidelines with respect to
followed the policies and procedural guidelines eng ineering desi gti statidards for fish and wild-
adopted by the Commission , as stated in Sec- l ife  faci l i t i e s  were obtained from the cooperat-
don IV — Terminal Stt idies. Such detailed (he- itsg State and I’ederal conservation agencies .
sign requirements as were considered necessary These include the Bureau of Spoi l Fisheries and
t o a t ta in  reasonable uniformity -  in tlse stttdie s Wild l i fe . the Bureau of Commercial Fisheries ,
are also given in Section IV. atsd the State game atsd fish departments of

Corps of Eng ineers practice in the Southeast South Carolina , Georg ia . Florida and ,-\habama.
governed desi gn of navi gation locks and chan- In al l  projec t p lant ilt ig design , recogniied and
nels and was also used gemsera ll y for the larger pros- ’ts modt ’rti tuethiod s ct snformsi ii sg to gotxl
-arth dams , concrete (hams , and sp iliways. Soil eng ineering practice were used. l’hse limited the-
( :on serv :ition Service standards were used for ta il  of thse work necessary to accomplish the de-
small inspount ln sent s .  Recrea tion facil i ty de- shed purpose did Slot W a r r a n t  extem ssi s-e investi-
si gns were adapted from recent practice of sev- gation s t)f new ant i  unproved procedures , a l-
eral agencies , i t wl t i th i t i g  the Department of Agri- thoug h nov e lty alone did t itu t  i-tile out their use,
cul ture , the ( orh ~ of Eng ineers , atid thie National The typ ical s truct u res atsd systems shown on
park Service , (;uidehincs provided in publica. Fi gures -1 2, 4.3, 4.1, and -1,5 are for genera l
tions of the National Conference on State Parks in fo rmat ion  onl y atid are not drawn to scale.
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SECTION IV — TERMINAL STUDIES
The following policies and procedura l guide- Those designated Phase 11 were studies of sites

lines were app licable in the order listed for selected for further investi gation as determined
guidance in the planning of projects and pro- from the results of Phase I studies. Designations
grams for resource development: refer to terminal stud y phases onl y and not to

1. U. S. Stud y Commission statements of phases of the plan.
p olicy.

2. Functional and Basic Work Plans , Tech- Phase I
nical Supp lements , ari d Work Agreements or con- Guidelines and Criferia
tracts and writ ten instructions from the Office of
the Executive Director, U. S. Stud y Commission. 1. Inasmuc ls as all the details are not given ,

3. Report of the Federal Interagency Corn- 
the Corps of Eng ineers wil l  exercise its best

mittee on ‘v%Tater Resources, “Proposed Prac- jud gment to accomp lish the work and to main-

tices for Economic Anal ysis of River Basin Proj. Lain the various parts of the stud y in relative
balanceects,” prepared by the Subcommittee on Evalua-

tion Standards, May 1958, commonly referred to 2. U. S. Army Map Service and U. S. Geo-
as “The Green Book,” for economic aspects of logical Survey- maps, and any other maps in the

planning onl y. files of the Corps of Engineers , will be used to

4. Agreements between agencies having pri- the greatest extent possible in the studies.

mary in terest in the matter under consideration , 3. No subsurface exp lorations are contem-
other than j urisdictional, plated for the studies. The use of available geo-

5. Manuals or other policy and procedural logic and subsurface information is encouraged.

statements of the cooperating agency. 4. Corps of Eng ineers criteria will be used if
4 6. Current practices of the cooperating agen- no specific provision is app licable from the U. S.

Stud y Commission outline of priorities on poli-

A staff section of sufficient size to make all ~~~ 
des  and procedural guidelines.

investigations, pre limina~~ designs, and cost esti- 5. Consideration will be given to the dual

mates was considered unwarranted. The time use of proposed roadfihl s for highway and dam

period necessary to organize and train such a put-poses. Such proposed construction should be

section would have delayed the studies, and ~~~ 
designed for dam and road use.

siderable expense would have been involved in 6. No surveys will be made at potential dam
acquiring qualified personnel for a compara- and reservoir sites where adequate survey data
tivel y short time. For these reasons agreements are available. Army Map Service and U. S. Geo-
were made with existing Federal agencies to per- logical maps with contours at intervals of 10
form such work in accordance with guidelines feet or less are considered adequate for stud y
established in work plans and technical supp le- purposes , and these map s may be used unless
ments for terminal studies, more detailed maps are available.

The U. S. Department of Agriculture , Soil 7. Cross-section surveys at the damsite and
Conservation Service, and the U. S. Army Corps pool elevations at pertinent reservoir points will
of Engineers were the lead agencies in the ter- be made at onl y those potential dam and reser-
minal studies for multi ple-purpose dam and voir sites where adequate contour maps are un-
reservoir development and made required site available , and which have been approved for
investi gations. Cited below are pertinent guide- survey by the U. S. Stud y Commission after the
lines, criteria , and detailed requirements ex- sites have been reconnoitered. The survey will Jcerpted from the technical supp lements to a typ i. be made as outlined in this technical supp lement.
cal work plan for dam and reservoir proj ect in- 8. U p-dated estimates of costs for sites previ .
vesti gation by the Corps of Engineers. Studies ousl y studied will include prices and quan.
designated Phase I were preliminary appraisals. t itics which have been adj usted so that they
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rc’ l ) I ( -s ( - n t  J a n u ; I t  ‘. 1 960 i r ~~~ and j ) ri -sent -d ;Iv IR - er i ng  and design wi l l  be shown as a pc.rcc-istage
~~iosd ~t io i i s  at t he site,  I f tu- w roads , r a I l roads , of t he ( O ! i S I I I t (  t i o l i  ( Os t s , i i sc- lud i iig con t in gen—
etc .. have been constructed in the I i-servoil’ a r ea d e s . and id en t i f i ed.  The figure used will be
Sifl ( C t he p i -cv iot is s tud y wa s made , t he trio c a— based on exp eo-ie il e and c os t  records of similar
tioli ( l Ist s  fo r  these f a c i l i t i e s  wi l l  be in (- lud ed in proj c-cts of wni lsarabl e  si lt ’ . 1- ug i t i ec ’i ing  COStS
the es t imate  of cost . Conversely , t ile cost s  p o e s i -  I t t ’ considered to i i ic lt ode all  coSt s in  connection
oLis l’~ i i i t it id t ’d for relocatio n s or adj ustments of w i t h  snakin g detailed dam and rest -i Soir site
lo at Is , Ia J I l l ds , e tc . ,  oioss’ aba oldOosi’ d wi l l  be sLI iv ( ’\ s , su hsui -face t -xp lot a t  ions , field li y clrau lic -
d& - l et t ’ c i f i -o i i i  t i l t ’  i ’ st io l la t e ,  invest iga t b u s , itlOdc’l studies ii r equ iu  ccl , and the

c Ou i i l ) l t - t t ’ design of the 1sroj ect. l’he Cost of
Detailed Requirements SI I I ) ( - t  ~~~~~~~~~~ iol sjx - -t i on , zIol cl ad m in i s t ra t ion  ~s i i l

- i ’he location of dam and u- cservoir sites also be givE -n and id en t if i ed.
wi l l  be shown on V . S. (;eolog ic al Survey topo- 7. Real es ta te  wi l l  inc lude the cost of tile
gu a p isic maps or other su i t ab l e  maps. Il l  areas 1 u s d  for the dam sit e , borrow ar i as , spoil areas ,
covered ousl ~ by U. S. (;eolog ical Survey - maps and teser\ -oir areas. Fat the purpose of the i-cal
at a st ale of I :250 ,001) and Contour s at in t e i v a l s  e5 ta tC es t i u s l a te  of Cost , the land wil l  be taken in
ol 50 ft -c t ( I t  uito r e . it w i l l  be nec d ’s sa i \  f o r  sta l l  fee to t u e  wat el- surface elevat ion of t h e  sp illway
representa t ives of the Cot PS of Eng inee rs to desi gn flood . Re al es ta te  costs wil l  include the
osiake lit - Id re d l ) t iu t a l s s : I t l c e s  to determine tile most estimated value of i m provements , minerals , water
s i i i t al)le locali oul for cad s site. am id o ther  t i gh t s , severance damages , i- esettle-

2. r he tit -ainage area above each damsite ment , and a c q t l b s b t i o n  costs. .-~ny- factor added
considered will  be ck tt -rn sined. V-~rea anti capac- to t h e  net real estate Costs wi l l  be ident i f ied.  The
i t y  cur ses wi l l  be h)rd i ) aredl for tile sites for which per acm-c ( - l i s t  of land used and the cost per mile
t i i e m t - a t e  sui table  maps for this purpose. Data of access ro ,I (ls and u t i l i t y  relocations will be in-
.0 a il :obht-  fromli previous studies wi l l  be used, c-Iu ded ~ii t he Report.
.t vo icl iui g dup lication of effor t ,  

~~. The relocations and improvement costs
3. .-~ I l  (ha lls and reservoir sites considered will  w i l l  be based ot) p lans which conform to the

be r cc (,uit io itere cl wi th  representatives of the sta mld am - d s of the State and the county where the
U. S. Stud s Commission and other interested faci l i t ies  aie located .
agenci es . 9. Data on selected sites previousl y studied

-I. Estimates of dam and reservoir costs ~s i l l  should be up-dated.
he })rep~iret1 for a l l  sites selected fot- fur ther  10 . A -  t oss-sC I on survey wil l  be made of
st u c k l)y tile t~ , S. S tudy  Commission after the those sites wh it- h are approved fou fur ther  stud y-
s i te s  ha ve been reconnoitered. A cost curve show- by’ the U. S. Stud y Commission after the sites
ing the re la t i onshi p of dam and u-est- r~-oir costs to have been reconnoitered. Data on exist ing aerial
})ool elevation for each site selected for further photograp h s wi l l  be ut i l i ,ed to the ful lest  extent .
studs and including the sites previousl y- studied 11. NI )  hori ,ontal control will be required
by other agencies wi l l  be prepared. ex(’ept as follows:

5. Any unusual  costs for a p articula m - s i te  will a. ~‘r oss sections wi l l  be t , :ke ml , if possib le, on
be exp lained in the est imate of cost with  an cx- lin es which are silowil on the pI~otogra})hS.
plan atory note. ,-~n exp lanation will also bc b. I f scct ion-  are taken on lin s which can-
given wilere til d e are var ia t ions  in uni t  prices not be identif ied on tile pllotogr-ip h , these sec-
for til e same i tems ( I f work at different sites , ex- l i on h u e s  wi l l  be tied in to  kn own  poiilt s wilich
cept where stu b d ifferences result from i-aria - arc shown on t i l t ’ p ictures and can be found in
6ouis in q u a n t i t i e s  onl y. the field. Thu ties ma)- be made by’ sta dia ti-a-

6. A ppropriate contingencies will  be included verse or other comparable means.
and identi f ied in’ tise estinlat e . Tile value to use 12.  \‘ e r t i C u l  control wi l l  be based on mean
will be based on j udgment. giving due consid- sea level d a t u m,
cr am ion to tile care taken to prepare the est imate 13. Roug il level iut g will  be a( le qtmiI te in estab-
and the accura( y of the survey dl~lt~i , maps, and l i sh in g  Ienlp or ar \  bemldl nlarks for cross-section-
other da ta ti -;ed in the stud y. ih e  cost of eng i- al work.
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1-1. Barometric leveling may be used in estab- Phase II
lishing temporary bench marks provided baro- 

Guidelines and Criteriametric corrections are macic.
I . Inasmuch as all the details are not given ,

15. A cross section shall be taken onl y at the til e Com ps of Eng ineers will exercise its best
damsite. jud gment to accomplish the work and to main-

16. Cross sections may be taken with the use ta m tile various parts of the stud y in relative
of t ransi ts , levels , tapes, handlevels, or a corn- balance.
bination of all these instruments. 2. U. S. Army Map Service and U. S. Geolog.

17. At sites where fiel d surveys are made, the ical Survey maps, and any other maps in the
area and capacity curves may be prepared as fol- files of the Corps of Eng ineers , will be used to
lows , in the absence of better methods which t u e  greatest extent possible in the studies.
mi ght be used , wi thin  the limits of time and 3. Corps of Eng ineers criteria will be used if
money: no specific provision is applicable from U. S.

a. Locate the clamsite on a U. S. Geological Stud y Commission outline of priorities on poi-
Survey map. icies and procedural guidelines.

b. Obtain the elevation , mean sea level , for 4. Subsurface exp lorations are not contem-
zero reservoir area and capacity from the cross- p lated for the studies and no subsurface explora-
section data. tions for these studies will be made at any site

unless approved in writing by the U. S. Stud yc. Obtain the reservoir area by planimetering
Commission.the area within  the contour lines.

5. Topograp hic surveys at potential dam and
d. Obtain the capacity of the reservoir at the reservoir sites are not contemplated and no sur-

contour elevation by- the formula: veys will be macic for these studies at any site
‘C = 0.4D x A where unless approved in writ ing by the U. S. Stud y
C = capacity in acre-feet of storage Commission. Surveys made for Phase I studies
D = the height in feet of the contour dc -  and existing maps will be utilized.

vation above the lowest (zero) eleva- 6. A copy of the essential data contained in
tion at the damsite reports made by the Soil Conservation Service

covering Phase I studies of potential dam andAr ~-~’r reservoir area in acres at the contour
reservoir sites to be studied under this technicalelevation
supp lement will be furnished to the Corps of

e. Use log-log paper for the area and capacity Etlg ineers by the U. S. Stud y Commission.
curves. Plot the two area points and the tV(’o 7. The reservoir areas , for reservoirs with
capacity points from data previousl y obtained. depths of 60 feet or less below the normal full
The curves wil l  be strai ght lines connecting these pool at the darn , will normall y be completel y
two points , respectivel y, and extending to the cleare d to a line 2 feet above the normal full
maximum elevation determined from the cross pool elevation. The reservoir areas , for rcser-
section at the damsite. voirs with depths greater than 60 feet below the

18. Darn design normal full pool at the darn , will normall y be
a. Spillway d ischarge capacity — to be taken cleared from a line 2 feet above the normal full

from generali zed curves which have alread y been pool elevation to a line at a depth of 5 feet be-
prepared by the Corps of Eng ineers, low the minimum pool elevation and at this

b. Earth embankment slopes — as selected by depth for the remainder of the reservoir area.
If areas are to be left uncleared at specific sites ,Corps of Engineers, 
such areas will  be delineated by the U. S. Stud yc. Top width of earth embankment — 20 feet. Commission.

d. Freeboard— S feet.
Detailed Requirements

- — I . l)am and Reservoir Design
‘ The f ac to r  0,4 shou ld 1w checked and modified by the a. The type of darn and spillway will be

c-oo pc’ r-.sIln g agcio 
~~

, if r eq u i r -d , for moe-c accurate selected by the Corps of Eng ineers.rt’stu I ts.
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b. The sp illway design-discharge capacity will sign of the project. The cost of supervision , in.
be d etermined by use of curves prepare d by the spection , and administration will also be given
U. S. Stud y Commission entitled “Curves for anti identified.
Estimating Spillway Capacities in Coastal Plain , d. Real estate costs will include the cost of
or Blue Rid ge and Piedmont , for Terminal the land for the damsite , borrow areas , spoi l
Studies of Dams and Reservoirs” dated June areas , atul reservoir areas. For til e purpose of the
30, 196 1. real estate estimate of cost , the land will be

c. The Corps of Eng ineers will determine taken it l fee to the water surface elevation of the
the size and types of outlet works required. The spil lway design flood. The costs for real estate
details of design will be only to the extent needed above the design flood needed for recreation and
for determining the approximate cost of the other purposes will be included in the estimated
outlet works, costs for these facilities. Real estate costs will in-

2. Project First Costs elude the estimated value of improvements , m m -
a. The estimated cost will be prepared for erals , water and other rights , severance damages,

each project covered by this technical supple- resettlement , and acquisition costs. Any factor
ment. Included in the project cost will be the acided to the net real estate costs will be identi-
component costs of the project which were pre- fled. The per acre cost of land used and the cost
pared by other agencies. The cost of a access per mile of access roads and uti l i t y relocations
road to the clam will be part of the dam and will be included in the report.

reservoir costs. Roads to serve recreation areas e. The relocations and improvement costs
and for other functional purposes will be in- will be based on plans which conform to the
eluded in the costs of works they serve. The cost standards of the State and the county where the
for the hydroelectric power facilities , fish and facilities are located. 

-

wildlife , recreation , and other functional facili- 3. Price Levels
ties located adjacent to the reservoir will be Price levels prevailing during an appropriate
shown separatel y for each function, period ending approximatel y Jan uary 1960 will

be used for evaluating all costs and benefits.b. Any unusual costs for a particular site will
be exp lained in the estimate of cost with an ex- 4. Investment Costs

planatory note. An explanation will also be Tile investment cost for each project is equal
given where there are variations in unit prices to the first cost l ltis interest on the total first
for the same items of work at different sites, ex- cost for half of the construction period. Interest
cept where such differences result from variations for construction periods of 2 years or less will
in quantities only. be disregarded.

5. Interest Ratesc. Appropriate contingencies will be includ-
ed and identified in the estimate. The value to The following interest rates will be used in
use will be based on jud gment of the cooperating studies of project investment , evaluation , allo-

cat ion of costs , anti cost sharing:agency, giving due consideration to the care
taken to prepare the estimate and the accuracy For Federal resource financing 25/s percent
of the survey data , maps, and other data used in For non-Federal financing 4 1/4 percent
the stud y. The cost of engineering and design 6. Annual Costs
will be showtl as a percentage of the construc- a. Annual  costs will be computed on the
t ion costs, including contingencies , and identi- basis of the appropriate annual  interest rate with
fled. The fi gure used will be based on experi. amortiz ation of the project investment over the
ence anti cost records of similar projects of corn- estimated econotnic life o f  the project. Included
parable si/ t ’ , Eng ineering costs are considered ill tile annua l  costs will be the estimated allow-
to include all costs in connection with making ances for operation and maintenance of the
detailed darn arid reservoir site surveys, subsur. project and for replacement costs.
face exp lorations . held h ydraulic investi gations , I) . ‘l’he ecomlorn ic evaluation will be based on
model s tudies , if required , am I d the comp lete de- a m ;mxi mn um project life of 50 years .
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PART FIVE - COST ESTIMATING
SECTION I - GENERAL

This Part of Appendix I i  is concerned with ending approximatel y January 1960 were used
monetary values for construction or develop- for evaluat ing costs and benefits. However, agri-
memi t costs and for annual operation , mainte- cultural  prices paid were adjusted to current ,
mlance , anti replacements Costs. 1960, price levels with further adjustment of

The designs and estimates are refined to only items within  these price levels to reflect ex-
that degree of precision necessary (1) to deter- pectect future  relationshi ps among them. In ef-
mine whether , by comparison of costs anu bene- fect , all nonagricultural costs and average costs
fits , a project being investi gated could reason- of producing each of the various agr icultural
abl y be included in the plan; and (2) for corn- crops used were those prevailing about January
parison of alternatives to determine which pro- 1960, with an adjus tment of agricultural prices
jec ts should be included. pai(i and prices received based on an assumed

Prices prevailing during an appropriate period par ity rat io of 89.

SECTION II — PROJECT COSTS
The total investment in a construction project , Cost data in many forms were received from

exclusive of pre-authorization planning costs, many agencies , Federal , State , and private , and
includes the costs of land and clearing; construc- were adapted for use in estimating project costs.
tion items such as relocations, excavation , con- The sources listed below supp lied cost data on
crete , structura l steel , and the furnishing and in- the items noted.
stalling of equi pment; engineering and design;
supervision , inspection and administration; and Federal Agencies
interest on the foregoing items during construc-
tion. To the subtotal of land and construction Public Health Service:
costs is added an allowance for contingencies , Domestic water supp ly, wells and equi pment
the remaining items being computed as percent- Munici pal water supp ly, wells and equi pment
ages of the new subtotal. Munici pal water supp ly, surface source pump-

For most construction project estimates a 25- ing facilities
percent contingency allowance was used. This Munici pa l wMter supp ly, treatment plants
compares with Corps of Eng ineers practice of Munici pal water supp ly, elevated storage
20-percent contingency allowance for the survey Watem ’ distribution systems
stage of investi gation for projects in this ar~a Sewage treatment plants
estimated to cost less than $~½ million. Some Sewerage systems
estimated construction costs were based on actual Sanitary land fills
contract costs for similar work. In such cases no Op eratiom l and maintenance
contingency item was added. Also, some agen- Service life
cies provided onl y tota l costs, without a break-
down to show contingencies , engineering, design , Bureau of Recl amation:
supervision , inspection , and overhead. Estimates i-1ydroelectri~~~ a nt s
based on such data were used without adjust- l’ump ing stations
rnent if the allowances appeared to be consistent Trailsmissiotl litses
witi l  those used for other projects wi th  a similar Oper atiom s amid t i la int enance
degree of precision in background data and de- Ser vi ce life
sign. (continued)
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Federal Agencies — Continued Corps of Engineers, U. S~ Army:
Land

Bureau of Sport Fisheries and Wildlife: Clearing
Boat ramps Reservoirs
Fish hatcheries Relocations
Water control structures Channel work
Parking areas Canals
Large impoundments Navi gation locks
Small impoundments Dams (concrete and earth)
Roads and trails Pump ing stations
Operation anti maintenance Levees
Administration and service Powerplants

Harbor work
Access roadsNational Park Service: Outlet works

Recreation facilities , such as campsites, boat- Spillway and appurtenances
houses, trails , boat ramps, and piers Forest road s and trails

Sanitary facilities Forest fire control
Water supp ly Tree planting
Roads Timbershed improvement
Parking areas Forest management
Administration facilities such as headquarters Operation , maintenance, and replacements

buildings , and grounds , entrance booths, Service life
markers, anti general landscap ing Contingency allowances

4 Operation , maintenance, and replacements Engineering and design
Supervision , administration , and inspection

U. S. Forest Service:
Roads and trails Bureau of Public Roads:
Fire control Highways
Tree planting Bridges
Timber-stand improvement Maintenance
Management
Grazing control Federal Power Commission:

— Research facilities H ydroelectric plants , construction costs
Watershed protection Hydroelectric plants , operation and mainte-
Administration facilities nance costs
Administration
Operation , maintenance , and replacements State Agencies

Soil Conservation Service: Georgia Ports Authority:
Floodwater retarding structures Harbor facilities
Channel improvement Operation and maintenance
Farm ponds
Outlets Auburn University:
Recurring and enduring type conservation Land clearing

practices
Drainage Forest Services:
Operation and maintenance Forest fire control
Engineering services
Administration (continued)
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State Agencies — Continued Southern Natural  (;as Compamsy:
(;as p ipelines

Game and Fish D epartmt len ts of South Carolina , Compressor stat ions
Georg ia . Florida , an d ,-~labama: Metering and segul a t ing  stations

Boat ramps Oper at ion and Inait itc -nance
Parking areas Service life
Fisll hatcheries The service life of project components is
Gamne farms impo rt amlt  because of the direct bearing on re-
Large imp oundments p laccn lemlt costs. Althoug h it may be contended
Small im xsu m ldmefl ts  that  a component wi th  a longer service life than
Fishing reefs the economic life of the project of which it is a
Fishing piers part is not justified , this is not necessaril y the

case , because of the cheaper maintenance and
I- I i ghwa~ l)epartments of North Carolina . South more m ie a r lv  trouble-free operation tIla~ usuall y

Carolina , Georg ia , Florida , and Alabama: ch aracteri zes b u g - l i v e d  units.  The p~riot i of an-
I-lighways al ssis  was established as the economic life of each
Brid ges or program on the basis of individual
Grade separatiot ls case stud y. Am s assumed economic life longer
Culserts tham l 50 ~‘ears was provided for when warranted.
Maint et lance However , a maximum of 50 years was used in the
Service life stu dies, al thou g h annual  costs fi gured on that

basis may be conservativel y hi gh in many cases.
OTher Sources Service lives of project components such as

spil lway gates for dams and equi pment for
Southern Rai lwa y  System: grou nd water supp ly installations have been esti-

Railroads mated as an aid in determining the annual  costs
Brid ges over the period of anal ys is of the proje ct.
Grade separations Cooperating agencies furnished cost estimates
Maintenance in technical memoranda in connection with
Service life sing le-purpose stud ies . These are generall y of a

very preliminar y nature and for the purpose of
Engimleering handbooks , periodicals , and other j tm d ging whether or not a project is economicall y

publications: feasible as a simig le-purpose development , or
Costs of miscellaneous items which of several schemes or locations will best
Opt -rat ion ,uustl maintenance serve the purpose, consid ering cost and other
Service life factors.
Cost indexes A further  step in p lanning,  the terminal

stu d ies , was also tmnder t aken by cooperat ing
Southern Bell Telep hone and Telegrap h agencies tmn der agreement wi th  tile Commission,

Company: Uml der these agreemllent s these studies were to
Pole lines include selection of tile most desirable projects
Maintenance an(i preparation of estimates of investment and
Service life 

, a nnt m a l  costs and allocation of these costs to
the ~tmrposes served by mul t i ple-purpose projec ts .

Plantation Pi peline Company: After tile tern lina l studies for tile first two
Petroleum pipe lines h a siml s weme well underway , it was possible to
Petroleum pumping stations handle t h e  ad m ll i ni s t ra t i v d ’  de m ai l s  of the coopera-
Petroleum storage tanks t i v e arr amigements on a less formn al basis th an was
Petroleum metering equipment first com lleml )larc ’d. i ’l i is ex lw(Ii t ed tile woi-k and
Op eration and maintenance ~rovj cled greater f lex ib i l i ty  in mak in g adjust-
Service life meri ts im i the p l ; 1m1s as they weme developed.

5.3
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In many cases recotinaissance and preliminary in the technica l memoranda a~ well as additional
studies were made by the Commission anti esti- alternatives were often investi gated , necessitating
mates were made b y coopezaling agencies on prompt estimates by Ihe Commission.
request. .~ ll cost allocatiom ls for n lu lt ip le-purpose 1~Iaxin lt im use was made of generalized de-
proj e( ’t s made by other agencies fom the two vices . stmch as curves showing total costs of cer-
earlier basin studies were revised to agree wi th  ta m t~pes of projects related to proje ct charac-
standards established by the Commnission. For teri stics. For examp le, curves were developed for
the six remaining basin studies , cost a llocations various su es of navigation s locks , relatin g costs
were made by the Conlmission. to l if ts  in feet. An examp le of estimating data

The Commission made cost estimates in all in tabular form for transmission line land re-
stages of the studies and also reviewed man)- quirements , structures per mile , and cost le r
agency estimates. During the pl anning . sing le- mile , arranged by type of construction and ca-
purpose projects in addition to those proposed pa city, is shown in Table 5.1.

TABLE 5.1

Transmission Line Costs
(exclusive of ri ght-of-way and clearing)

Type of conB tr uet ion NOIRIIIII Rig ht .of.wiy Structuree (toM
vOlt*ge —~~ — — — --- - - - — - - - per per

(kilov olt) Width A,- reo mile mile
(root) per mile

Wood pole , sing le circuit ._ ._ - 33 50 6 21 $5,040
44 50 6 20 5 ,740

75 II 6.760
Wood pole , sing le circ uit ,

two lines, same rig ht of way 33 90 11 42 10, 080
44 90 I I  44) 11. 480
66 140 17 38 13 . 520

Wood H-framne , single circuit 66 100 12 ¶4 9.640
110 100 12 8. 5 12 .200
132 100 12 8 13.920
154 125 15 7. 5 16 240
220 125 15 7 18. 2-40

Wood H-frame , sing le circuit ,
two lines , same rig ht of way 66 175 21 18 19. 280

110 175 21 17 24 . 400
132 175 21 16 27. 840
154 200 24 15 32. 480
220 200 24 14 36.480

Steel tower , sin gle cir cuit 66 100 12 6 19.860
110 100 12 5 .6 24 . 850
132 100 12 5.3 28. 460
1 54 125 15 5 32 . 680
220 125 15 4.8 :17 . 280

Steel tower , double circuit 66 125 15 6 :;o 380
110 125 t 5  5 6  40, 6(30
132 125 15 5.3 44 . 600
154 175 21 5 51, 500
220 175 21 4 .8  58. 700

Steel tower , sing le ci r cu i t ,
two lin es, same rig ht of was’ 66 200 24 12 39,720

l I t) 200 24 1 1 . 2 49 700
132 200 2-I 10.6 58,1124)
154 250 30 10 65 .380
220 250 30 9.6 74 , 560
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Price indexes, particularl’~ those published I - Saxassnab
weekl y and summarized quarter  lv by Eng ineer- 2. Ogeediee
ing News-Record , were tm t i l i i e d  extensivel y as 3. ,~ lt a muaii a
an aid iii conver(iilg t-osts of projec ts oi project ‘I . Sat ilia -S i , M a i y s
components comlstructed in ~eaI s pl-ior to or 5. Suwanmi ee
after January 1960 to tile January  1960 price Ii . Ochlockonee
ks-el, The index comparisons published by the 7. Ap al at  iii -ul a -Chitt t ahoot -hee-F l int
Office of Business Economi s am id the Bu sim le ss 8. Choctawilatche e-Perdido
anti Defenlse Sen-ices Adn l inistrat ion , botil Fi gure 5.5 shows ins d ’s lm ent  costs of dam
agencies of the U. S. Depar tment of Commerce, amld i es& -i S oii- i)ioit ~t Is b~ reservoir vo lume below
were also useful. mlormal p~~

l le st - i  for all eight basins.
Ahs tm ac ts  of i)Rls on Corps of Eng ineers proj- Infor mati on m t - i  (- ive(l from F’edemal , State . and

ects tot’ whit-li t -ontract s were awarded withi n  pr ivate agt ’ilt it -s i)aseti on t ll eir own recotds was
a period of a sear or tWO prior to January 1960 used whcl e app li ( abk - , w i t h  such at lj u s t nn ent  as
were used as aids in estimatin g uni t  costs of appeam -eti net rs s . I I  for the proj ect ins-ohed.
construction items for similar work . Some of the fa( 1or ~ a ffecting operation , niainle-

J tm d gment factors were important in estimat- nann , an d rt’p la( -cs uents costs are size of project ,
ing items of ins-estment costs. Amotlg the condi- mn ethod of op eration . pm ol) orti oll  of inls-estfl lent
tiolss which affect unit  construction costs are in lnat-hiner\ - . useful l i fe  of pioiect c(n ’nponents .
the size of the job, the ease or difficulty of con- t l u rab i l i t ~ of con stmu ctio n , amu l ava i labil i ty of
struction , the quantit ies of indis-idual items , the labor.
location of the proj ect . the availability and To achieve reasonable uniformity in estimat-
market price of materials and labor , the competi- ing am inua l  op er at ion , maintenance , and replace-
tion for contracts , anti sometimes the financial snents costs for dam and reservoir proje cts, tile
situation of the successful bidder , which may Ions- main features involving such costs were
cause him to bid hi gh on one or more itenls considered separate l )- an d a set of curses de-
which can be comp leted early in the construc- s-eloped for each. On each set of curves the
tion p emmd anti compensating ly low on one or ordinates are the feature ins-esilnent costs in-
more of those to be completed later. Obvioimsl y, cluding a pro rata share of the project contin-
not all of these circumstances can be foreseen in gem-v allowance but not including engineering
preparing pre liminary estimates. Those which and admin istration. The annual ol)eration . main-
were known anti which clearl y wot mld affect os-er- tenant -c, amid rep laa’r nem l ts costs, j-i re the abscissae .
all costs were taken into  account. The curves shown in Figure 5.7 are empirical

Price indexes are reliable only to the extent and are based on s-alsses derived fiom agent-\
that the com bination of work and material experience on similar projects and on independ-
items on which the index is based resembles the ent ,jud gmemlt. The average m i n i m u m  and aver-
main items in the proje ct being considered, age maximum curves are shown to permit the
Tistis the Eng ineering News-Record Construc- selection of a s ’a ltme between these curses tie-
lion Cost Index becomes less reliable when pending on interpret at  ion of conditions existing
app lied to project s ins-olving a large proportion at the part icula i- project i)eiflg considered. Both
of mat-hinery or of skilled labor , since neither l i m i t i n g  cusses  steepen as the feature cost in-
of these items is used in establishing it. There- crd-ascs to take at-cou nt of the normal increase
lore , jud gment was app lied when using this in efficiency j~ use of equi pment and manpower
index. on the large r proj ects.

Figure 5A shows investment costs of dam anti Certain purposes listed in Public Law 85-850,
reservoir proj ects by reset s-nit at-ca for each of or components of Illose p~’~p°~ -~. may i ns t -die
the ei ght basins , The p oim~ts shown on the charts re lan i s - el  small construction e x p e I k l i I I I m t s  and
include both estimated costs of considcre(l and relativel y lam-ge i i la l la gel i lefl t . technica l a s s i s l a n t e ,
li roisoseti proj ects and actua l costs of existing or supervisory t-ostS anti may be considered on
projec ts ad j mm ste d to t u e  January 1960 price level, an area basis i adler than  is ind iv idua l  projects.
Power facilities am-c not it lclu de(l . Basim i numbers Purposes (Olls idel t - t l  imI t i l ls It ’S l )t ’t I are ( I )
indicated al-c as follows: (loot! t-ontrol and prt -vcnt ion : (2) the i e(’Ianla-
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per person capacity. The design capacity is de-
termined by first assigning a percentage of the
estimated total annual user-days for a recreation

90 

LOCKS 84 S 600 ’ 

-

area to each activity to be included in the area.

~~~~~~~~~

6S 62’S 4~~’ o _________

The annual activity days thus established are
then multiplied by an empirical design capacity70 — 

LOCKS 102600 factor based on experience records, giving the

and providing the basis for facility cost estimates.

\ 

capacity re qumremen ts for a typ ica l high-use day

In addition to the activity costs, cer tain common
use facilities must be considered and their costs

650
used where app licable. These facilities and theLOCK

30 

S BOX  360’

unit costs used are:
Parking — $50.00 per person capacity40

Water supp ly — $25.00 per person capacity
Sanitar y facilities — $50.00 per person capacity
Roads: (American Association of State High-

,NOTE 0 NENSIONS SHOWN ARE \ way Officials Classification)NOMINAL LOCK CHAMBER SIZES

Class E — (200 vehicles per day, maximum)
20 

Class G — (50 vehicles p~~ day, max~~ um)
$44,400 per mile average

_ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  $19,600 per mile average
100 ISO 200 250 300 350 400 Administrative facilities — $0.05 per annual

COST PER FOOT OF LIFT II000 DOLLARS)

activity day
The total cost of any recreation facility is the

Figure 5.8 Navigation Locks, Investment Costs, 
sum of the activity costs and the applicable corn-
mon use facility costs.tion and irrigation of land , including drainage ;

(3) soil conservation and utilization; (4) forest
conservation and utilization; (5) preservation , TABLE 5.2
protection and enhancement of fish and wild- 

Foresf~ Costslife resources; and (6) the development of rt-c-
reation . Lar ge construction projects for any 51ea,,~~~ Unit costs
purpose were considered individuall y rather Forest (Ire protection Based on State report s
than in the category defined above. Exam p les Fencing for grazi ng control $300 per mile
are a large flood control dam or a large and Planting for erosion control S25 per acre
costly recreation development in a specific loca- Planting without Site preparation 5l4 per acre
t

~

0fl. Planting with Sit e preparation $28 per acre
Costs of facilities for pur poses numbered (2) Site pre par ation for natura l

and (3) above and the portion of number (I) repr eduction $5 per acre
which involves small upstream watershed proj - Noncommerc ial thinning and
ects were estimated on an area ra ther than an deadening $8 per acre
individual basis. They may comprise a significant Shelterbe lts $15 per acre
amount of construction for small individual Technical assistance~ $10 ,000 per man .year
proj ects but their costs were averaged over the flrainagc , including roads - - - $12 per acre
large land areas involved. R esearch2 $l5 ,000 per man .yea r

A variety of activities is included under rec- Insect and disease conEr ol2 - $ 15 ,000 per man-year
reation as considered in the Report. These are Information and educa t ion2 - $10 ,000 per man-yea r
sightseeing, outdoor cultural pursuits , picnick-

NOTES: I Includes sllowanc.- for t r a se l . office space , anding, swimming, hiking, camping, and boating. overhea d , -Sr I add i t ional  $2 200 should be Al ’
Costs of providin g faci li ties for these activities lowed for fmrs t year equipment eoit-

2 Includes associated costs such as clerical 5cr-have been estimated and expressed in dollars vices.
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Fores try measures and unit costs adopted are on Figure 5.9. Only four of these plants are in-
listed below. Management and installation costs side the study area but all are within 300 miles
for specific areas on Federal lands are supplied of the stud y area boundary . Costs shown on
by agencies administering those lands. Figure 5.9 are historica l costs adjusted to 1959

Table 5.3 lists federall y owned hydroelectric price levels.
plants corresponding to the numbered points

TABLE 5.3
Federal Hydroe lectr k Plants

(See Figure 5.9)

No, Plant name Riser State In Stalled Agency
capacity

(kilowatts)

1 Cheatham Cuinberlan cl Tenn. 24 , 000 Cor ps of Eng ineers
2 Jim Woodruff Apalachicola FIa . 30 , 000 Corps of Eng ineers
3 Guntersvil le Tennessee Ala, 97 , 440 TVA
4 Hales Bar Tennessee Tenn , 99 , 700 TVA
5 Wilbur Watauga Tenn, 10 , 700 TVA
6 Chickamauga Tennessee - Tenn . 108 1 240 TVA
7 Chatuge Hiwassee N. C, 10 , 000 TVA
8 Ocoee No- 1 Ocxiee Tenn. 18, 000 TVA
9 Kentucky Tennessee Ky . 160 , 320 TVA

10 Phi lpott Smith Va. 14 , 000 Corps of Engineers
11 Dale Hollow Obey Tenn. 54 , 600 Corps of Enginee rs
12 Ocoee No , 2 Ocoee Tenn, 21 000 TVA
13 Watauga Watauga Tenn . 50 , 000 TVA
14 Pickwick Landin g Tennessee Tenn , 216 , 320 TVA
15 Watts Bar Tennessee Tenn. 150 , 240 T~’A
16 Wheeler Tennessee Ala, 259 ,360 TVA
17 Ft Patrick Henry South Fork, Holsthn Tenn, 36 ,000 TVA
18 Ft. Loudoun Tennessee Tenn , 128 , 240 TVA
19 Douglas French Broad Tenn. 112 ,160 TVA
20 Nottely Nottely Ca. 15 , 000 TV/B
21 South Holston South Fork, ilolston Tenn, 35 , 000 TV/B
22 Nolichucky Nolichucky Tenn . 10 , 640 TV/B
23 Wilson Tennessee Ala, 436 , 750 TV A
24 John Kerr Roanoke Va . 206, 000 Corps of Eng ineers
25 Boone South Fork , Holston Tenn, 75 , 000 TV A
28 Allatoona Etowah Ga. 74 , 000 Corps of Engineers
27 Great Falls Caney Fork Tenn- 31 , 860 TVA
28 Norris Clinch Tenn, 100 .800 TV/B
29 Ocoee No .3 Ocoee Tenn. 27 .028 TV/B
30 J .  Percy Priest Stone Tenn. 13,500 Corps of Engineers
31 Wal ter F. George Chattahoochee Ga, 130 000 Corps of Eng ineers
32 Cherokee Hoiston Tenn, 120 ,160 TVA
33 Buford Chattahooche e Ga- 86 .000 Corps of Engineers
34 Cente r 11111 Caney Fork Tenn. 135 , 800 Corps of Eng ineers
35 Blue Ridge Toccoa Ga . 20 , 000 T~’A
36 Clark Hill Savannah - S_ C, 282 , 000 Corps of Engineers
37 Wolf Creek Cumberland Ky. 271 , 200 Corps of Engineers
38 Hiwassee Hiwassee N . C. 117 , 100 TV/B
39 Fontana Little Tennessee N. C, 202 , 600 TVA
40 Apalaehia Hiwassef’ Tenn . 7t1 , 000 TV/B
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FEDERA L HYDROELECTRIC PLANTS
INVESTME~~ AND ANNUAL OPERATION AND MAINTENANCE COSTS
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Figu re 5.10 Municipal Waste Treatment Costs.,

TABLE 5.4

Proposed Upstream Watershed Projec ts’

Basin Drainage Cap ital Ann ual equivalent coats (51 .000)
area Investment

(1.000 acre s) ($1,000)’ Investment Operation , TotsI
maintenance .

and re.
placements

Savannah 2 , 500 44 ,300 1.60 1 582 2 , 183
4 Ogeechee  278 3,037 110 26 136
• Alt a rnaha 1 , 100 15,840 573 182 755

Sati lla-St. Mar ,’ s 1 , 400 14 , 780 535 167 70’2
Suwannee 2 , 100 8 , 980 324 98 422
Ochlockonee 1 , 600 15 , 660 566 155 721
Apalachi cola-Chattahoo chee-Flint 1 , 900 30 .400 1 , 100 400 I 500
Ch octawhat t’hee-Perdido 900 1.949 70 ‘29 99

Total 11 . 778 134 ,946 4 ,879 1 ,639 6,518

NO’fES: In clu des flood prevention and drainage .
Includes technical assiMance coats.

TABLE 5.5
Proposed lnd~vidual Irrigafion

Baal n Acres Capital Annual equivalent coat. ($1,000)
Irrigated Investment — — ——‘——-——-_ — — —  

1950-2000 ($1,000) Investment Operadon, Total
O maintenance ,

and Se.
piseemenla

Savann a h 13.600 1 .945 70 434 504
Ogeechee 14 , 000 1 .953 70 443 513
Alt amaha 44 , 200 6 , 113 221 1.399 1.620
Satilla-S I, Marys 33, 200 4 , 780 172 873 1 .045
Suwannee 53,000 7 , 560 274 1.375 1. 1149
Ochloekonee -  24 , 000 3. 160 115 570 685
Apalaehicola-Chattahooehee-Flint 17 , 800 2 ,350 85 5(15 51K)

Choetawhatchee-Perdido 10, 000 I .258 45 2 15 2 114)

Total 209,800 21) 111) 1 .052 5 ,814 6.866
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TABLE 5,6
Proposed Individual DraInage

Basin Acres Capital Annual equivalent coats (51 .000)
drained investment ~ - -- - — - - - - — — — —- — — - — —- -- -— -

1960-2000 ($1 ,000) Inv estment Operation . Total
main tenance,

and rr -
placements

Savannah 28,000 417 15 29 44
Ogeechee 39,500 619 23 42
A ltarna h a 8 , 700 131 5 9 14
Satilla-St. Mary v 19.700 256 1) 21) 29
Suwannee 32 , 000 534 20 18 38
Ochlockonet ’ 3.200 50 2 3 5
Apahwhicola-Chattahonchee--F ’lint 39 .000 600 22 4 1 63
Choet awhatt ’htp—I’ t ’rdj tlo 13.000 188 7 16

Total 183.100 2.795 103 178 28! 
—- -~~~~~~-— ~~~~~~~~~~~~~~~~ —- - —-_- ---—

TABLE 5.7
Proposed Soil Conservation and Utilization Measures

Basin Aere a Capital Annual equivalent coats (*1.000)
treated Inve stm ent ——-—- -— - --- — --  - — 1960-2000 ($I .000)* Investme nt Operation . Total

maintenance,
and re.

placements

Savannah 889 . 800 22 .370 809 1.781 2,590
Ogeechee 435 , 300 10 .340 374 870 1, 244
Al tarnaha 1 .2 16 , 600 42 ,490 1,536 2,434 3.970
Satilla-St. Marys 178 .300 8.7 15 315 357 672
Suwannee 947.000 2 1.920 792 1.894 2.686
Ochlockonee 385 .000 10.360 375 363 938
Apala chieola- Ch at tah oo(’hk’e-Flint I . 690 . 700 59 .900 2 , 167 3.323 5. 490
Choetawhat t’hee-Peydj do 941 . 200 25.900 936 1,882 2.818

Total 6. 683 . 900 201 ,995 7.304 13. 104 20.408

* Includes land-use conversion costs.

TABLE 5.8

Worksheet for Single Recreation Activity Facility Costs and Benefits
Name of Area _ _ ___~~~~~~~ Bsatn ~~~~ _ _______-—

~~~~

_ - - TAUDH

Activity A B C D E F 6 H I
Part lci- Annual Design DesIgn Acti vity Total (sell- Annual
patlon activity capacity capacity coSts for Ny coats operation . Bens4ts

by sell - days factor facilities for single and main - —---—— — — — —
vltlea (per cent) per person activit ies tenanc y Unit Total benefltn

(percent) capacity (dollars) coats by values by acti vity
(dollars) act ivity by activity (dollars)

(dollars) (dultsr n)

Sightseeing 0.2 2.00 0Ji()
Cultural 0 .5  5.00 0.73
Picnicking 0 .8 40 .00 1 (8)
Swimming 1.2 20.00 l .00
h ikin g 0.5 100 . 00 1.00
Camping 2 .0  100 .00 2,00
Boating - - .  0.7 20 .00 2 . .50

Total 

~ Total Annual user-days.
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TABLE 5.9

Worksheet for Summary of Recreation Costs and Benefits
Name of Aren Design Capaci ty_ ___ .~~~~~._ -~~~~~~~~~

Table 5.8, Column D
Basin --

CON STRUCTION COSTS :
1. Total Facility Costs for Sing le Act ivities

(Table 5.8, Column F) $ - -

2. Common Facility Costs:
a. Parking - $50.00 per person capacity $_

~~~ .~~~~~
._ __

b. Water Supply - $25.00 per person capacity _____ 

c. Sanitary - $50.00 per person capacity ________

d. Roads: ( 1) Class E , ~~~~~~~~~~ miles @
$44,400 per mile ______—-

(2) Class G, miles ®
$19,600 per mile ________

e. Admi nistration Area $0.05 times ‘l’ota l Act ivity
Days - Table 5.8, Column B _____

Subtotal _______

3. Construction of Special Feature 
4. Special Access Feature __~_ mi Ies —

5. Real Estate : acres © $____ per acre
Subtotal A -  _________

Contingencies: 15% of Subtotal A ___________—
Subtotal B - -  _________

Engineering and Design, lO% of Subtotal B _______

Supervision, Inspection, and Administration, 8% of Subtotal B 
Subtotal C - - -

Interest During Construction ’ ._ _._ % of Subtotal C for years -

Total Construction Cost ’ $ —

TOTAL ANNUAL COSTS :
1. Annual Amortization @ 1  % (0.0 ) of Total

~onstruction Costs $
2. Operation and Maintenance:

a . 3% of Subtotal (‘  above $ - — -

I,. User-day Operation and Maintenance - Total
Table 5.8, Colunin Cs - - - - - -

— Subtotal Operation and Maintenance . - - - - - - — - - -

3. Replacement3 __ %of Suhtotal C above 
Total Annual Cost: $ 

Annual Net Benefith - Table 5.8, Column I $ -~~~~~~~~~~ _-  —

NOTE& I 2~~% for Federal projects , 43~% minimum for others. Percentage should he applied to  half of the constr uction period indicated .2~~% (0.03614) for Federal projects , 30-year useful lif e. 4~4% minimum (0.048,56) for others , 50-year useful life.
‘0.945% for Federal projects ; 0.858%, for others.
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Costs of fish and wildlife resource develop- development costs based on experience . In esti-
ment vary widely with type of project , locality, mating cost of developments proposed for the
and design capacity as measured by increased stud y area , appropriate adj ustments were made
production and use. to suit conditions at each site considered .

The following tables shcw estimated typical

TABLE 5.10
Estimated Costs of Typical Wildlife Projects

Project or facility Description Design use Costs
oi’ capacity —

(annual ) Investment Annual oper-
ation and

maintenance

Management and improvement
Management areas (general) - - -  10,000 acres : roadside plantings , 200 head big game

prescribed burning, food 10,000 units of
plots , etc. sm all game 0 $ 10 , 000

Management areas (waterfowl) -  5,000 acres: Subimpoundments,
food plots, roads and trails 20,000 waterfoal 0 40 , 000

Extensive habitat improvement -  100,000 acres : border strips ,
food plots, prescribed burning,
etc. 20,000 user-days 0 50 , 000

Supporting programs Education and information , re-
search , management services,
protection and enhancement 10,000 user-days (1 5.000

New developments
Management areas (general) - - -  10,000 acres: lands leased for

public use, roadside planting, 200 head big game
prescribed burning, service 10,000 units of
buildings small game $50 , 000 20 .000

* Management areas (waterfowl) -  10,000 acres: lands acquired in
fee t i t le  with development of
submmpoundment s , food plan t-
ings, servic e l)uildings , etc . 40,000 waterfowl 1.000 . 000 80 . 000

Dove fields 1 ,000 acres: land leased, planted
in crops att ract ive to
mourning doves 5,000 user-days 0 10.000

New developments
Lar ge impoundments

(40 acres or more) 100 acres of surface water ,
intensively managed 7,500 user-days 140,000 6.000

Small impoundments
(less than 40 acres) 10 acres of surface water ,

intensively managed 750 user-days 5.000 600
Fish cultural stations

(cold water) Ha tchery, raceway s, adminis-
tration , and service buildings 100 ,000 pounds trout 800 .000 137 . 000

Fish cultural stations
(warm water) 24 acres of rearing ponds , adminis-

tration and service buildings, 3,510,000 fingerling
recreation facilities sunfish 500 , 000 43,04)0

Fish piers (salt water) One pier , 1,000 x 10 feet 100,000 user-days 100 .000 12 ,000
Fishing reef (salt water) One reef , composed of 132 con-

crete shelters (,5x8, ‘(~ feet)
located in 25 to 80 feet of water - - 20 .000 300

Water access (fresh water) I access development with boat
launching ramps and parking
area on 7 to 10 acres of land - - 12 , 000 400
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TABLE 5.11
Estimated Costs of Typ ical Sport Fisheries Projects

Project or f~dulty Description De.ign use Coats
or capacity - -—- — --------~~~~~——--  -

(annual ) Inve stment Annua l opec.
allen and

maintenance

Management anti improvement
Cold water streams l’ro .iuction and distribution

of 1,330 pounds of trout 1 ,000 user-days $10,600 $2 , 000
Warm water streams Rough fish control , habit at

improvement , etc. 1 ,000 user-days 0 500
Large impoundm ents Renovation of fish population ,

fertilization , and weed con-
tr o l in 10 acres of water Th() user-days 0 600

Small inmpoundments Renovation of fish population ,
fertilization , and weed con-
trol in 10 acres of water 750 user-days 0 600

Supporting programs Planned expenditures for etiuca-
tion and information , manage-
ment services, law enforcement ,
and research 1,000 user-days 0 500

TABLE 5. 1 2
Estimated Costs of Typ ical Commerical Fisheries Projects

pr aject or f~cl%tty Description Design Coat s
capacity
(annual) Investment Annual oper.

allan and
maIntenance

Management and improvement
Expansion of operations Increased fishing activity with 75% of value

little expansion of present flee t - - 0 of increased
production

Supporting program Exploratory fishing, biological re-
search, market news and other I0 ’~ of value
services, surveys and investiga- of inerea.sed
tio ns - - 0 production

New developments
Shrimp culture 10 rearing ponds of 10 acres each ,

with water contro l , administra-
tion and service buildings ,
utilization , and roads 80,000 pounds $120 , 000 $14 000

Oyster culture 1,000 acres of suitabl e water
bottoms conditioned and man- 870,000 pounds
aged for sustained oyster of meats 100 .000 75.000
production
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PART SIX - COST SUMMARIES
The following tables show estimated invest- 6. Ochlockonee Basin.

ment costs and estimated operation , mainte- 7. Apaiachicola-Chattahoochee-Flint Basins
nance, and replacements costs for the projects 8. Choctawhatchee-Perdido Basins

and programs in the Commission plan. Basin Costs for the individual projec ts and programs

designations are as follows: by basins are shown in Appendixes 1 to 8 in-
clusive. Cost princi ples, including allocations

1. Savannah Basin and cost sharing, are set forth in Appendix 9,
2. Ogeechee Basin Economics.
3. Aleamaha Basin Derivation of costs for the princi pal items in
4. Satilla-St . Marys Basins the comprehensive plan appear in the working
5. Suwannee Basin papers supporting the Report.

TABLE 6. 1

Investment Cost
(thousa nds of dollars)

Purpose Basin

I 2 3 4 5 6 7 s

Flood control and preven tion 43, 420 2 ,007 20.310 6.880 5 , 172 7.8 19 88. 110 7,026

Water supp lies 122 .100 16.770 64 . 700 22 . 500 22. 440 27 . 640 364.100 118.700
Navigatio n 70 . 480 ‘ 18.130 10.890 70 13,030 ‘272 .490 16.490
Re clamation , irri ga tion , and

drainage 3, 242 3.602 7 , 564 13. 636 13.464 13.240 8,550 2.407
Hydroelectric power and

industrial development 573 , 400 200 , 600 2 2 249 . 450 18 .080
Soil conservation and util ization 22 .370 10 ,340 42 .490 8.715 21 ,920 10.360 59 .900 25 . 904)
Forest conservation and uti l iza t ion~~ 92 ,080 :34,730 90.300 46, 650 86, ’~40 64.940 127 . 800 100.100
Fish and wildlife 36.280 5.623 2-1 . 330 14 , 600 10,070 8.704) 57 , 730 23 , 350

Recrea t ion 139 , 800 62 , 800 165 .600 79, 980 68,280 77.920 210.800 141.851)
Salin itv antl sediment cont rol 3 - -  - _ 

- -  - -  - -  - - .-  - -

Pollution abatement and
publie hea lth 111 . 130 27 , 250 158 .800 24.190 55.4 10 35 .240 172 .500 178 , 200

Other beneficial purposes4 - - - - - - - - - - 555,345 - - -

NOTES~ Included in Savannah harm .
No proposals.

$ Included in soil conservation, fores t conservation and flood control .
Beach erosion eontr,,l , hurricane protection , etc. additional studies necessary hut no regular program proposed .

5 lrmcI,sdes only allocated cost for land trftnsportatioa as part of the Gulf Coast Improvement proj ect and land recla,,,at, ,,n by use of spos l
material as part of the Gulf Coast and ifteinhatchee River Improvement projects.
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TABLE 6.2

Annual Operation, Maintenance, and Replacements Costs
(thousands of dollars)

Purpose BasIns

1 2 5 4 5 6 7 8

Flood control and prevention 572 17 294 79 59 78 626 48
~Vater supplit ’s . 6, 157 987 3.478 2 . 592 1. 138 1.8W 17, 468 9 682
Navigation 7.400 I 222 711 7 70 1 , 170 2 , 520
Reclamation , irrigation , anti drainage 473 494 1 .438 990 1 .452 651 637 245
Hydroelectric power and industrial developmenL - - 3,257 ‘ I - 127 2 2 2 2 . 127 131
Soil conservation and utiliz ation 1,781 870 2 .434 357 1.89 4 770 3.323 1 , 882
Forest conservation and utilization 1 . 214 706 903 880 1 .774 1 .315 1 .371 1 562
}‘ish and wilt1l ife~~~ 3.593 1 , 106 2 ,166 1 , 602 1, 598 769 6 ,34 7 2 ,703
Recreation 5,004 2.538 5,857 3.116 2,604 2,329 7,633 5, 132
Salinity an (l sediment control 8  - -  - -  - -  . - -  - -

Pollution abatement and public health 2.676 532 3. 831 699 1 . 369 698 9. 101 3, 176
Other lseneficia l purp osest - -  . . - -  ~220 - -  - -

NOTES ‘ Included in Savannah ha rm .
$ No proposals.
$ Included in soil conservation , forest conservation.and flood control .
4 Beach erosion control , hurricane protection , etc . additional studies necessary but no regular progra$ss proposed .

Includes only allocated cost for land transportation as part 1 the Gulf Coast Iospros’croent proj ect and land reclamation by use of spud
material as part of the Gulf Coast and Ste,nhatchee River Improvement proje cts.
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